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INTERNATIONAL RAILWAY 


CONGRESS ASSOCIATION. 


INQUIRY INTO QUESTIONS OF GENERAL INTEREST. 


(Decision taken by the Permanent Commission at its Meeting held on July 19th, 1938.) 


QUESTION IL. 


How should the problems of simplifying the working be considered, 
in the future, in the interest both of the public and of the railways? 


REPORT 


(English speaking Countries and Belgium) 


by E. DESORGHER, 


Secrétaire technique a la Direction Générale de la Société Nationale des Ghemins de fer belgos. 


To make the scope of the question 
quite clear and explain the spirit in 
which the detailed questionnaire relat- 
ing to it was drawn up, the following 
foreword was added 

« During its 1937 (Paris) Session, the 
International Railway Congress Asso- 
ciation studied « the economical oper- 
ation of the main-line systems’ secon- 
dary lines » (Third Section — Question 
VII of the Agenda). 

« The Permanent Commission of the 
Association thought that in view of the 
frequent deficits of Railway Administra- 
tions, it would be advisable to keep 
these Administrations informed about 
the evolution of this question, and in 
particular about the results obtained 
and the new methods introduced or sug- 


Iv—1 


gested since the last Session of the Con- 
gress. 

« The Commission also thought it ad- 
visable not to limit the investigations to 
the simplification of the working of the 
secondary lines, but also cover both the 
important and average lines, which 
form the essential part of the main-line 
systems. 

« This latter question is undoubtedly 
more complex than the former. 

« The volume of traffic on the main 
lines requires expensive equipment and 
a large staff which it is difficult to 
adapt to variations in ‘the traffic. 

« On the other hand though the legal 
obligations of the Railway Administra- 
tions as regards the transport of pas- 
sengers and goods have been mitigated 
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in the case of secondary lines, they have 
remained practically unaltered on the 
important and average lines where they 
are undoubtedly of greater interest for 
the public. 

« The questionnaire is consequently 
divided in two parts 

« — the first part, dealing with the 
simplified working of main lines, has as 
its object not only to collect as complete 
a documentation as possible on what 
has already been done in this connec- 
tion, but also to co-ordinate the ideas 
and suggestions which may be put for- 
ward; 

« — the second part, dealing with the 
economical operation of secondary li- 
nes, is merely intended to complete the 
information already collected about this 
subject in 1937. » 


* 
* * 


The detailed questionnaire was sent 
to 49-Railway Administrations and Com- 


panies belonging to the International 
Railway Congress Association; 18 of 


them sent in a reply. Hight said that 
the way in which their system was oper- 
ated did not enable them to supply any 
useful information, these being the 


— Bessemer and Lake Erie R.R.; 

— Compagnie des Chemins de fer du 
Congo Supérieur aux grands lacs afri- 
eains (Belgian Congo); 

— Ferro Carri! Central Argentino; 


— Great Northern Railway (Northern 
Ireland); 

— Kenya and Uganda Railways and Har- 
bours; 


+. New Zealand Government Railways; 
— Nigerian Railways; 
— Sudan Railways. 


The County Donegal Railways and the 
London Passenger Transport Board, not 
being greatly interested in this problem, 
only sent’'in summary information. 

Only eight Companies replied at any 
length, these being : 

— Belgium and Colony: The Belgian Na- 

tional Railways Company; 
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— Egypt: State Railways; 

— United States of America: The Balti- 
more & Ohio Railroad; 

The Pennsylvania Railroad; 

— Great Britain and Northern Ireland : 
The Railway Clearing House (on ke- 
half of the British Railway Companies); 

— British India, Dominions, Protectorates 
and Colonies: Bombay, Baroda & Cen- 
tral India Railway; 

H.E.H. The Nizam’s State Railway. 

— Eire: Great Southern Railways. 


Their replies are summed up below. 


. A. — General. 


QUESTION I. — On what characteris- 
tics (kind of traffic, speed, financial ba- 
lance sheet, etc.) can the classification 
of the lines be based, the object of such 
a classification being to group the lines 
in one or other of the following catego- 
ries 

(1) important and average lines on 
which in principle the slandard me- 
thods of working are follawed; 

(2) secondary lines with simplified 
working ? 


Answers. 


The replies received indicate that up 
to the present there is no general rule 
for fixing the characteristics of the im- 
portant lines and the secondary lines. 
In this connection each administration 
has its own criterion. 

Generally speaking, the classification 
is based on questions of speed and ton- 
nage, without taking the financial oper- 
ating results into account. 

On the Belgian National Railways Co. 
the classification of the lines is deter- 
mined by the speeds authorised and the 
daily tonnage carried. 

Important lines are taken to be those 
on which the tonnage is more than 
10000 tons and the authorised speed 
equal to or more than 90 km. (56 miles) 
an hour. 

If one or other of these conditions is: 
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not fulfilled the line is at once classified 
as a secondary line. 

Statistics of receipts and expenditure 
show profits and losses in each class. 


On the Pennsylvania Railroad and the 
Baltimore and Ohio Railroad, lines over 


which high-speed through passenger 
trains and heavy long-distance goods 
trains are worked are classified as im- 


portant or average lines. 
On the British Railways, in practice 
there is no classification. The term « se- 


condary lime » is mot used; it might 
however be applied to some of the 
branch or cross-country lines where 


there is little traffic and the speed is 
low. It is on lines such as these that 
simplified operating methods have been 
adopted or are under consideration. 

On the Bombay, Baroda and Central 
India Railway, lines over which through 
passenger and goods trains are worked 
at a speed of 60 miles an hour are called 
« important lines ». 

The « secondary lines are those 
where the speed is only 20 to 40 miles 
an hour. These lines act as feeders for 
the main lines. 

On the Nizam’s State Railway there 
are important standard-gauge lines over 
which more than 3 million gross ton- 
miles per mile are carried annually, and 
important narrow-gauge lines where the 
traffic is about 2 million gross ton-miles 
annually. 

The secondary lines are those where 
the traffic is not so great. 


») 
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On the Great Southern Railways lines 
are Classified as important or secondary 
according to the intensity of the traffic 
and the axle loads allowed. 


QUESTION IU. — What is the extent 
of each category of lines in relation to 
the whole system ? 

What is the proportion of the receipts, 
costs and working results allocated to 
each category ? 


Answers. 


Generally speaking, the railways re- 
plied that they do not get out separate 
balance sheets showing the receipts, ex- 
penditure, and operating results for 
each class of line. 

The Belgian National Railways Com- 
pany has drawn up approximate balan- 
ce sheets for each line based on the ac- 
counts for two months. These balance 
sheets have been used to divide the li- 
nes into those showing a loss and those 
showing a profit. 

The Bombay, Baroda and Central In- 
dia Railway keeps separate accounts for 
each class of line. The figures for the 
main lines are 
Gross receipts 12.52.10.900 Rupees. 
Gross expenditure : 6.86.69.900 Rupees. 
Nett receipts : 5.65.41.000 Rupees. 

On the secondary lines, the receipts 
per line vary from 1.009.500 to 11.000 
Rupees. 

The following table shows the extent 
of each category of lines in comparison 
with the total mileage of the system 


Main lines, 


Railway. % of total. 


Belgian National Railways | 

Company Appel tie aes 55.0 
Baltimore and Ohio Rail- | 

road Pe 65 
Pennsylvania Railroad QT 
Bombay, Baroda and Cen- 

tral India Ry. 89 
The Nizam’s State Ry. ; 79 
Great Southern Rys. (Hire) 2 


Secondary — | Ager ane 
lines, | piel Remarks. 
% of total. | OE Vian 
ae | (route-miles) 
| 
44.5 | Su lees 
35 6158 f 
73 10 207 '77*/v of the traflie 
is Carried by the 
main lines, 
11 3937 
21 1 348 | 
38 1 987 


0 


QUESTION III. — To what extent 
have the proposed simplifications in the 
working to be approved by the public 
authorities ? 

What are the principal legislative en- 
actments in force or under considera- 
tion in this connection ? 


Answers. 


On most railways, only those simpli- 
fications in the working which affect 
the safety or convenience of the public 
have to be submitted for approval by 
the Authorities. 

In the case of the Belgian National 
Railways Company, the approval of the 
Minister of Transport has to be ob- 
tained : 

(a) for the abandonment of a railway 
line whether or not its piace is taken 
by an omnibus service; 

(b) for converting a double-track line 
into single track; 

(c) for the introduction of simplified 
working, including in particular doing 
away with keepers at level crossings. 

The object of having such measures 
sanctioned by the Minister is to safe- 
guard the national interests and natio- 
nal defence. 

The laws on the general working of 
the Railways contain no well defined re- 
gulations on the subject of simplified 
working. 

The British Railways report that no 
authorisation is necessary in order to 
close down a station or turn it into a 
non-staffed halt, unless a special law or 
agreement prevents this. 

The principal legal regulations in for- 
ce dealing with railway operation are 
codified in the « Requirements for Pas- 
senger Lines and Recommendations for 
Goods Lines of the Minister of Trans- 
port in regard to Railway Construction 
and Operation ». 

The Baltimore and Ohio Railroad, the 
Pennsylvania Railroad, the Bombay, Ba- 
roda and Central India Railway all re- 
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plied that the authorities have to appro- 
ve any change or simplification in the 
working (giving up lines, closing down 
stations, suppressing trains) and that 
the laws or various State decrees deal- 
ing with public services cover the work- 
ing of the railways. 


QUESTION IV. — Is the obligation to 
carry all kinds of persons and goods 
from any station to any station an ob- 
stacle in the way of simplification, and 
if so, to what extent ? 


Answers. 


Generally speaking the replies receiy- 
ed were in the negative. 

The Belgian National Railways Com- 
pany, the Pennsylvania Railroad and the 
Nizam’s State Railway pointed out that 
certain costs could be avoided if such 
an obligation did not exist, for example 
those due to working trains which run . 
at a loss. 


B. — Simplification of the working 
of important and average lines. 


QUESTION V. — On the important 
and average lines, are all stations on the 
system (large and small stations, halts, 
etc.) given train services, both passen- 
ger and goods, or are only the large cen- 
tres served by rail? 


Answers. 


The railways replied unanimously 
that there are services to all the stations. 
In certain cases, however, there are on- 
ly goods trains and in others only pas- 


senger trains (stations turned into 
halts). The volume of traffic consigned 


or received determines the number and 
schedules of the trains serving the sta- 
tions. 

In the case of halts closed for goods 
traffic, the sidings are no longer main- 
tained; if there is no staff, tickets are 
issued on the trains (in Belgium and 
Egypt). 
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QUESTION VI. — When the railway 
services are limited to the large centres, 
how are other places served ? 


Answers. 


This case does not arise on any of 
the railways replying to the question- 
naire (see reply to Question V). 


QUESTION VII. — When all the traf- 
fic is worked by rail, how are small 
centres served, as regards both passen- 
ger and goods services (full-wagon 
loads and small consignments) ? 


Answers. 


The railways are endeavouring to re- 
duce the cost by using light locotrac- 
tors in the case of goods traffic and 
railcars in the case of passenger traffic. 
Generally the small stations are open 
only part of the day. 


On the Belgian National Railways Co., 
in particular, in order to reduce the 
working hours at small stations, the 
booking office is only open for a few 
hours every day; at other times tickets 
are issued and collected in the trains. 


In the same way, goods can only be 
accepted and transport charges collect- 
ed during part of the day. 


The goods yard remains open while 
the pay-office is closed. 


On this railway and on the British 
Railways, small consignments from con- 
centration stations for one or several 
small successive stations are grouped 
together in a single wagon and unloaded 
onto the platforms. 

The reverse process is resorted to in 
connection with small consignments 
handed in at these small stations. Small 
parcels can also be sent by passenger 
train if there is any advantage in this. 


On the Bombay, Baroda and Central 
India Railway goods collected from in- 
termediate stations are sorted in the 
tranship (parcels) trains by the loaders. 
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Goods to and from places at some dis- 
tance from the railway are sometimes 
worked by road. In Belgium road trans- 
port is preferred to railway transport 
for parcels traffic in the case of lines 
with heavy traffic, in order to reduce 
the number of trains. 


QUESTION VIII. — What simplifica- 
lions of the working have you already 
introduced, or do you propose to intro- 
duce as regards 


(1) the fixed plant (track, buildings, 
stgnals, etc.) ; 
(2) the station staff; 


(3) the train staff (enginemen, guards, 
ANG) 


Answers. 
1. The following measures enable 


savings to be made in the cost of main- 
tenance, renewal, first cost, and work- 
ing of fixed plant : 

— standardisation of the station equip- 
ment, particularly in the case of inter- 
mediate stations, and limiting the safety 
equipment to correspond with the needs 
of the service and the speed of the 
trains; 

— total or temporary suppression of 
intermediate blocks; 

— suppression of signals that are not 
strictly necessary; 

— taking out of 
no longer required 

— concentration 
pointsmen’s duties; 


service those tracks 
to work the traffic; 


of signalmen’s and 


— simplification of the maintenance 
(chemical weeding, removal of hedges; 
mechanisation) ; 

— dispensing with keepers at certain 
level crossings, after making the neces- 
sary safety provisions (see Question 
XIV); 

— rational use of premises and demo- 
lition of useless buildings; 
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2, The station (non-travelling) staff 


can be reduced by 


(a) Scientific organisation of the 
work; 

(b) Simplification of the clerical 
work, especially at intermediate — sta- 
tions, the accounts being kept at one 
managing station; 


(c) Reduction of the time during 
which lines and stations are open; 

(d) Charging the train staff with cer- 
tain preliminary work formerly carried 
out by the station staff, such as 

— coupling up and uncoupling the 
locomotive, testing the brakes before de- 
parture, turning locomotives on _ the 
turntables; 


(e) Combining the duties of the staff, 
especially at intermediate stations. Cer- 
tain examples of this are given hereaf- 
ter 

The station master is in charge of the 
passenger and goods services and of the 
accounts; in the case of the first and 
last trains, the tickets are issued by an 
underling (workman) or by the train 
staff; the ticket collectors at station 
exits help in the handling of parcels; 
the clerical staff work the point and 
signal operating equipment fitted in the 
booking office for this purpose. 

Other possible ways of simplification 
are mentioned under Question XII. 


3. Measures enabling the enginemen 
and train staff to be reduced are men- 
tioned in Questions XIII and XX. 

The railways are decreasing the staff 
employed on the trains by reducing the 
mileage of the trains to the utmost mi- 
nimuin. 

The British Railways have reduced 
the number of inspectors employed on 
the trains by increasing the control at 
the entrance and exit of the large sta- 
tions. 


QUESTION IX. — Jn the case of fixed 
plant, are the simplifications introduced 
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at all stations ? Are they limited to the 
intermediate stations, the large centres 
being excluded ? 

What happens to the intermediate sta- 
tions when they are no longer served by 
rail ? 


Answers. 


As a rule simplified working is not 
confined to the intermediate stations, 
but is general whenever it is possible to 
make it so without inconveniencing the 
public or the railway service. The Bel- 
gian National Railways Co., for example, 
are systematically revising all the fixed 
plant in order to keep it within the 
strictly necessary limits, thereby re- 
ducing the cost of service, maintenance 
and renewal. Equipment that is not used 
is recovered in this way and taken ad- 
vantage of to improve the plant main- 
tained in service. 

Railways which have closed down 
any stations generally continue to serve 
the localities concerned by means of 
motorbus and motor lorry services. 


It does not appear that the organisa- 
tion of such services obliges the rail- 
ways to keep open the offices of closed 
down stations. 

In certain cases the railways have not 
introduced any other transport servi- 
ces to take the place of those suppressed 
and are trying to let the buildings in 
closed down stations. 


QUESTION X. — Does the automatic 
block equipment of the main lines, 
which augments the capacity of the li- 
nes and greatly increases the safety, 
show any real savings as compared with 
manually-operated signals ? 


Answers. 


Only the Baltimore and Ohio Rail- 
road, the Pennsylvania Railroad and the 
London Passenger Transport Board use 
the automatic block, and they have ans- 
wered in the affirmative. 
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The British Railways consider that in 
every case the balance sheet should take 
into account the expenditure and _ sav- 
ings on staff; on the Belgian National 
Railways Co. there is no automatic 
block, as it would not give any appre- 
ciable saving because the stations are 
too near together. 


QUESTION XI. — In the case of im- 
portant single-track lines, do such me- 
thods as centralised traffic control 
(C. T. C.) give a saving in comparison 
with doubling the track, whilst giving 
sufficient flexibility and adequate capa- 
city ? 


Answers. 


The Pennsylvania Railroad, the Balti- 
more and Ohio Railroad and the Ni- 
zam’s State Railway, which alone make 
use of this method, replied in the affir- 
mative. The other railways have no in- 
formation available. The Belgian Natio- 
nal Railways Co. states that it does not 
intend to make use of centralised traffic 
control, owing to its complication and 
high first cost. 


QUESTION XII. — How can the sta- 
tion staff be reduced : 

(1) at the large centres; 

(2) at small and medium sized sta- 
tions ? 


In particular, in the case of the latter, 
is it possible to reduce, or even do away 
with the staff, by applying to the inter- 
mediate stations between the large cen- 
tres, the methods used at stations of st- 
milar importance, worked under sim- 
plified operating methods on secondary 
lines ? 


Answers. 


The railways mention the following 
ways of reducing the number of em- 
ployees at large stations 

1. Rational organisation of the work, 
-alled by certain railways « job-analy- 


stations remain open. 
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sis ». On the Belgian National Railways 
Co. special gangs check the time taken 
by the staff in carrying out their duties, 
following each employee in turn. When 
some are found to be insufficiently em- 
ployed, the work is distributed to 
others, by a more rational organisation. 

On certain railways, such as the Bri- 
tish Railways and the Great Southern of 
Hire, the combining of. different jobs 
seems to be prevented to some extent by 
the agreements between the Companies 
and the Trade Unions. The Great 
Southern Railways fix the minimum sta- 
tion staff required for normal traffic. 
This is increased by temporary staff 
when there is an increase of traffic. The 
station master draws up each week sta- 
tements justifying the staff employed re- 
latively to the traffic (tonnage-number 
of wagons). 


2. Mechanisation of office work and 
handling. The use of lifts for luggage 
and mechanical or electric trolleys is 
fairly general. 

The British Railways use equipment 
called the « Passimeter » which enables 
an employee to issue tickets to those en- 
tering the station and collect them from 
those leaving. The London Passenger 
Transport Board has equipped its sta- 
tions with automatic ticket machines, 
which reduces the work to be done in 
the booking offices. 


3. Limiting the hours during which 
This limitation is 
generally closely connected with the or- 
ganisation of the train services. 


4. Dispensing with the marshalling of 
wagons in certain junction stations, and 
having such work done in special shunt- 
ing and marshalling yards. This method 
of simplification is used by the Belgian 
National Railways Company; it makes 
it possible to economise on staff, but of- 
ten involves an increase in the train or 
wagon mileage. 

It should be noted that the railways 
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state that these methods of simplifica- 
tion are not confined to important lines, 
but are applied both at the large, me- 
dium sized and small stations on secon- 
dary lines. 


In the latter, savings can be obtained 
by combining the duties of the staff; for 
example the practice of having a sepa- 
rate accountancy service has generally 
been given up. Moreover, like on the 
secondary lines, the hours during which 
stations remain open have been limited, 
and certain stations have been put un- 
der other more important stations. 


QUESTION XIII. — What is the mini- 
mum to which the train staff can be re- 
duced ? 

In the case of the driving staff, when 
the technical characteristics of the me- 
thod of traction used (electric locomo- 
tive, railcar, etc.) enable the trains to 
be driven by a single man, under what 
conditions do you consider this is com- 
patible with safety ? 

When the train staff is not required 
in connection with the train services 
(passenger service, parcels, etc.), is such 
staff essential from the point of view of 
safety 2? Can it be reduced to a single 
man, or even dispensed with, the dri- 
ver then being responsible for the cor- 
responding duties ? 


Answers. 


On steam trains there are generally 
two men; the driver and the fireman. 
On the Nizam’s State Railway, however, 
there are three men, as there are two 
firemen. 


One man suffices on the internal com- 
bustion engined railcars or electric mo- 
tor coaches, but a device known as the 
« dead man’s handle » is provided and 
the driver’s compartment can be reach- 
ed from the train. 


On the electric locomotives of the 
British Railways and the London Pas- 
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senger Transport Board, there are two 
men. The latter Company makes use of 
the second man for such work as coup!- 
ing and uncoupling. 

It is becoming more and more general 
to employ only one conductor on a 
train; a second conductor is only em- 
ployed in the case of very long passen- 
ger trains. 

The Pennsylvania Railroad and the 
Egyptian State Railways still employ 
one or more brakesmen, even on pas- 
senger trains. 

These railways consider that it is ne- 
cessary to employ this number of men 
for reasons of safety, especially to pro- 
tect the trains in case of breakdown. 


QUESTION XIV. — To what extent 
is it possible to reduce the cost of level 
crossing keepers or even dispense with 
keepers on the important and average 
lines? 


Answers. 


The chief measures taken to reduce 
the cost of protecting level crossings 
aren: 


1. Eliminating the level crossing by 
diverting the road or building bridges; 

2. Protecting the level crossing from 
a distance, or dispensing with keepers 
altogether after improving the visibility 
or installing automatic light signals; 

3. Only having the crossings protect- 
ed at certain hours of the day, after 
taking special safety precautions. 


Most of the railways have applied 
one or several of these measures. There 
are level crossings, on all these railways, 
at which keepers have never been em- 
ployed, because the visibility is good 
and the traffic small. Warning signs or 
posts are generally erected, to draw the 
attention of road users to these cross- 
ings. 

The railways protect their level cross- 


APRIL 1939 


ings according to the amount of rail and 
road traffic and the visibility. No stan- 
dard classification of level crossings in- 
to different categories is mentioned. The 
Belgian National Railways Company re- 
ports, however, that it is proposed to 
replace keepers by automatic light sig- 
nals : 


1. When less than 100 children use the 
level crossing daily; 

2. On lines where the autorised speed 
is higher than 100 km. (62 miles) an 
hour and the traffic index figure less 
than 5 000; 


3. On lines where the authorised 
speed is under 100 km. an hour and the 
traffic index figure is less than 10 000. 


The traffic index figure is taken to be 
the number obtained by multiplying the 
number of vehicles by the number of 
trains using the level crossing in 24 
hours. 

The laws require the British Railways 
to employ keepers at all level crossings 
on important lines. No economies can 
therefore be made, protection from a 
distance not being resorted to. 


QUESTION XV. — Have you prepar- 
ed any balance sheets showing concrete 
examples of the savings obtained by sys- 
tematic simplification of the working on 
important and average lines ? 


Answers. 


All the railways replied in the nega- 
tive. 


C. — Simplified working of 
secondary lines. 


QUESTION XVI. — Can the secondary 
lines worked according to simplified 
methods be classified into various cate- 
gories, for example : 


(a) lines and 


goods trains; 


with both passenger 
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(b) lines where the passenger servi- 
ces have been discontinued, so that only 
goods trains are worked over them ? 


What characteristics can be used as a 
basis for such a classification ? 


Are different principles applied to the 
stmplification of each. category ? 


Answers. 


Most of the railways replied that it 
would be possible to classify the lines 
in this way, but that the same principles 
of maintenance and simplification apply 
to the two categories. The choice of the 
method of working depends on the vo- 
lume and kind of traffic. 


On lines served only by goods trains, 
and even on certain other lines which 
always show a loss the Belgian National 
Railways Company dispenses with keep- 
ers at all the level crossings. 


At these crossings the trains have to 
slow down to 5 km. (3 miles) an hour, 
and whistle before reaching the cross- 
ing and while passing it in order to 
warn the road users (see Question XXI) ; 
if need be trains have to stop before 
reaching level crossings where the visi- 
bility is poor. 

Certain railways (the Nizam’s State 
Railway, the Bombay, Baroda and Cen- 
tral India Railway, and the County Do- 
negal Railway) carry passengers and 
goods over all their lines. If need be 
composite trains are run. 


The classification in question does 
not apply therefore to these Systems. 


QUESTION XVII. — Have you handed 
over certain categories of secondary li- 
nes to private undertakings (light rail- 
ways, other transport undertakings, 
etc.), or have you considered taking 
such a step ? 


Under what conditions is this done ? 
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Answers. 


All the railways replied in the nega- 
tive. 


QUESTION XVIII. — Has the com- 
plete abandonment of existing lines been 
carried through, or considered ? 

If so, on what arguments was this de- 
cision based? What has become of the 
equipment of such lines ? 


Answers. 


Only the Nizam’s State Railway, the 
Egyptian State Railways and the County 
Donegal Railways replied in the nega- 
tive. The other railways’ affirmative re- 
plies can be summed up as follows 

Lines or sections of lines have been 
abandoned when the fall in traffic led 
to operating losses which were consid- 
ered permanent. The losses were due to 
the fact that competitive methods of 
transport were preferred by the public 
and took away part of the traffic, or be- 
cause the industrial and commercial ac- 
tivity of the district had definitely de- 
clined. 

The equipment of such lines was re- 
moved for employment on other lines, 
or sold, and the buildings let or sold. 
Cases of lines being completely aban- 
doned are however rare. 


On the Belgian National Railways Com- 
pany and on the Great Southern Railways 
of Eire the closing down of a secondary 
line or section of line is considered 
when the statistics of receipts and ex- 
penditure show that the line is being 
worked at a loss, and when a compari- 
son with the cost of other methods of 
transport is in favour of the latter. The 
Belgian National Railways Company, 
for example, has given up certain lines 
showing a loss, situated in the districts 
served by the Belgian National Light 
Raijways Company. The latter’s lines 
are all narrow gauge lines operated very 
economically. It owns special trucks 
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which take standard-gauge wagons, 
thereby avoiding transhipment of goods. 


QUESTION XIX. — What rules are 
followed, for each category of seconda- 
ry lines, for the simplification of the 
working, as regards : 


(1) the fixed plant (track, buildings, 
signals, etc.); 

(2) safe working (speed of the trains, 
train headway, crossings, etc.); 

(3) the staff; 

(3a) use of the station and train staf|; 
extending the duties of this staff to co- 
ver the following duties : keeping the 
records, inspection, issuing tickets, col- 
lecting transport charges, working 
points, signals, level crossing gates, etc.; 

(3b) additional 
SHOUT 

(3c) hours during which the staff ts 
on duty; 


use of temporary 


(3d) use of persons not belonging to 
the Railway, such as watchmen for de- 
pots (caretakers) located either in the 
centre of the localities served, or in a 
station building no longer used; 


(3e) use of the train driving staff. 


Answers. 


1. Fixed plant. — On secondary lines, 
the design and maintenance of the fixed 
plant can be more summary than on the 
important lines, as the speed and weight 
of trains are lower. 

The British Railvays, for example, 
have reduced the standard of mainten- 
ance which is done by small permanent 
gangs, the work being completed by mo- 
bile gangs carried to the work in rail- 
cars, together with their tools and mate- 
rials. 


2. Safe working. — The signalling 
equipment is less extensive, or may even 
be practically suppressed. 

The American Railways use the ma- 
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nual block system on secondary lines in- 
stead of the automatic block, or else re- 
place the block system by the dispatch- 
ing system. 

Other railways use a telephone block 
system instead of the interlocked block. 
Others again are content with interlock- 
ing by means of a key instead of inter- 
locking in a signal box on lines with 
very little traffic. 

The safety equipment has been reduc- 
ed to a much greater extent than on the 
important lines. 


The Belgian National Railways Com- 
pany takes the following measures 


— the number of passing stations is 
reduced to the minimum, and in such 
stations alone is the signalling retained; 
distant signals are suppressed or put out 
of use; the fixed indicator posts show- 
ing the successive distances from the 
signals are, however, maintained. Trials 
have even been made of working a line 
entirely without signals, this being of 
course a very unimportant local line. 
Trains have to meet at fixed places, on- 
ly the station masters at both ends of the 
line being authorised to alter the meet- 
ing place after agreement by telephone 
with the guards of the two trains. The 
points are worked by the fireman or 
guard and locked by key. 


3. Staff. — The simplification measu- 
res taken on the important and average 
lines also apply to the secondary lines. 
These are dealt with in Questions VIII, 
XII, XIII, XIV and XXII. 


(a) Certain measures for reducing the 
regular staff apply more particularly to 
the secondary lines. On the Belgian Na- 
tional Railways Company, for example, 
on lines with very little traffic, the en- 
ginemen help with the weighing of 
goods, working of points and handling 
of parcels. On the British Railways the 
train staff of the goods trains sometimes 
includes a travelling signalman who 
works in the signal boxes while the 
trains are being shunted in the stations. 
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In the evening and at week ends the 
staff of these trains sometimes work the 
gates at certain level crossings. 

Several railways require their staff to 
work broken turns; for example the 
eight-hour day is spread over 12 hours 
with one or more periods of rest. 

(b) Temporary staff is generally em- 
ployed to complete the service every 
day when it exceeds the capacity of the 
regular staff, or when the latter have to 
be assisted during periods of heavy traf- 
HiiICC 

(c) As on the important lines — but 
even more rigorously — the working 
hours on the secondary lines and in 
their stations are reduced to the strictly 
necessary minimum; everything possi- 
ble is done to make it only necessary to 
keep them open for 16, or even 8 hours. 

(ad) The employment of persons not 
belonging to the railway is rare. Re- 
course is only had to them for tasks 


which in reality are outside railway 
operation properly speaking, such as 
keepers at level crossings, issuing 
tickets, watchmen (caretakers) at pla- 
ces having no station staff. 

(e) As far as the train staff is con- 


cerned, the same steps are taken as on 
the main lines. 


The enginemen are not generally used 
for accessory duties. The Belgian Na- 
tional Railways Company is an excep- 
tion, as reported above, as well as the 
Bombay, Baroda and Central India Rail- 
way. 


QUESTION XX. — What are the cha- 
racteristics of the motive power and 
rolling stock in use or under consider- 
ation for the working of secondary U- 
nes ? 


Answers. 


No railway has made use of any spe- 
cial locomotives or rolling stock on the 
secondary lines up to the present. The 
reason given is that this would hamper 
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the intensive and rational utilisation of 
the stock. However, it is the practice to 
use single railcars (steam or internal- 
combustion engined) and light locomo- 
tives on such lines in preference. 

The Belgian National Railways Com- 
pany has recently put into service a rail- 
car of light construction specially de- 
signed for lines with little traffic. This 
car which is driven and operated by a 
single man, has a diesel or petrol 120- 
H.P.E. engine; its weight empty is 
14 250 ker. (31400 lb.). Its speed is 
limited to 60 km. (37 1/2 miles) an hour 
because in this way the track is spared. 
On the other hand it has very rapid ac- 
celeration. The car is equipped with a 
luggage locker. There is only one class, 
and 80 passengers can be carried, 50 
seated. Another type of light railcar, 
carrying 120 passengers, 80 seated, is 
shortly to be tested. 

The same Company is studying the 
use of diesel locotractors, and recently 
gave an order for some steam tank engi- 
nes with mechanical stokers which can 
be run by a single man. The character- 
istics of these engines are as follows 


Cylinders : 
Nim eT PS, PRU AP oreey se a OF BOR 
Diameter 
Stroke 

Boiler 

Barrel 
Diameter Sepia chess 
Distance between tube plates. 

Superheater 

Coal capacity 

Water capacity . 


pressure. 


WEIN, “Ge 5 5 6 6. 6 o 6 Deni a 
36 


Weight in working order . 


The British Railways use reversible 
passenger trains known as « push and 
pull trains ». The driving compartment 
is in the end vehicle which is fitted with 
the necessary equipment for operating 
the locomotive regulator. 

On one section of a secondary line the 


390 min. 


IALOY Gira, 
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London Passenger Transport Board has 
put into service electric coaches whose 
doors are operated by compressed air. 
The train staff is thereby reduced to 
one : the driver. 


QUESTION XXI. — What method is 
used for guarding level crossings on se- 
condary lines ? 

Under what conditions is it permisst- 
ble : 

(a) to entirely dispense with keepers, 
with or without additional safety measu- 
res (these, if any, to be specified); 

(b) to employ keepers only at certain 
times, i. e. only when trains are due; 

(c) to control level crossings from a 
distance ? 


Answers. 


The replies received show that the 
measures taken are very much the same 
as on the important lines. Mention may 
however be made of certain savings par- 
ticular to lines carrying little traffic. 


1. Employment of women as _ cross- 
ing keepers; 


(Ss ByZE>)) 
500 mm. (19 11/16”). 
6 kor. cna2ni(22Sielng/is peut) 


(3? 7 5/16”). 
NN) Samy (Ce THN yp 
18 elements, 25X 31 

1500 ker. (3 300 Ib.). 
4.5 m3 (990 Br. gall.). 
aD (28 Enel. tons). 
6. (35:4 bnely tons). 


MM eee er eae): orlae nie 


2. Closing the gates at night. To open 
them, road users have to call up the 
keeper who lives at the crossing or near- 
by (Belgium, Egypt). 


3. Combining the duties of level cross- 
ing keeper with those of other members 
of the station staff; 
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4. The train staff protect the road 
while the train is passing the crossing. 
This method is not much used, but is 
found in Belgium, on the Baltimore and 
Ohio Railroad and on the Great Southern 
Railways of Eire. 

5. One man and his family employed 
as level crossing keepers. In this way 
someone is on duty all the 24 hours of 
the day (Great Southern Railways). 

The Egyptian State Railways where 
crossing protection from a distance is 
not allowed, report the invention by one 
of their engineers of a system of auto- 
matic gate, which is now under trial. 

On the British Railways, it is not le- 
gal to dispense with level crossing keep- 
ers, except on light railways. 

In Belgium, dispensing with level 
crossing keepers on secondary lines is 
usually authorised by the authorities 
when : 

1. Th? road user can see the train at 
a distance of 40 m. (130 ft.) when he 
himself is 7 m. (23 ft.) from the track; 


2. The road traffic 
500 vehicles a day. 


does not exceed 


When there is no keeper, fixed road 
signs must be erected. This consists of 
posts and panels with a red light at 
night. The driver of the train is gener- 
ally required to slow down to 5 km. (3 
miles) an hour and whistle; he is warn- 
ed of the approach of a level crossing by 
an indicator panel 50 m. (165 ft.) away. 

There are no precise regulations about 
distant protection. As a general rule 
the gates are of the lifting arm type with 
warning bells. 


QUESTION XXII. — What commer- 
cial measures have been introduced to 
simplify the clerical work of the staff 
and to facilitate relations with the pu- 
blic : 


(a) simplification of clerical 
and forms; 


work 
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(b) concentration of all clerical work 
of a line in one managing station; 


(c) special arrangements with regular 
customers, with premises connected 
with the railways, etc., as regards appli- 
cations for rolling stock, weighing oper- 
ations, collection of charges, notifica- 
tion of arrivals, etc.; 


(d) relations with the public at times 
other than when the staff is on duty at 
the station; 

(e) drawing up of special simplified 
rates tables for the use of the train staff 
when issuing tickets, etc. ? 


Answers. 


All the railways have reduced the 
number of printed forms and carefully 
studied them so as to limit the written 
work and simplify office work as far 
as possible. Such forms can be used 
for various purposes and are standardis- 
ed. These simplifications are not con- 
fined to secondary lines. 


Very often the accounts of several sta- 
tions or a whole line are concentrated at 
one managing station, and the interme- 
diate stations merely keep simple re- 
cords of their receipts and expenditure. 
On certain Systems, however, the ques- 
tion of concentration of the clerical 
work does not arise; this is due to the 
geographical situation (too great a dis- 
tance between stations, etc.). This is 
the case in particular on the Egyptian 
State Railways, the Nizam’s State Rail- 
way and the Bombay, Baroda and Cen- 
tral India Railway. 

Special arrangements with regular 
customers are rare. Important custo- 
mers use cheques and other banking fa- 
cilities to settle their accounts, 

The Great Southern Railways, of Hire, 
state that their regular customers them- 
selves prepare the waybills in duplicate, 
which saves work at the stations. One 
copy is kept at the station, and the char- 
ges added; the other is given back to the 
consignor as a receipt. This railway 
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trusts its regular customers to state the 
contents, weight, etc. correctly. 

When the station staff is off duty, 
customers can deal with the station mas- 
ter if he resides on the spot, or tele- 
phone to the managing station. 

Several railways point out that con- 
tact with the public is maintained 
through agents who call on customers 
or meet them at commercial gatherings. 

Generally, the train staff is given ra- 
tes lists to enable them to issue tickets 
“apidly, at least on lines where simpli- 
fied working is in operation. 


QUESTION XXIII. — Are other me- 
thods of transport used for carrying pas- 
sengers and goods ? 

Ih; SO s 

(a) are special combined rates in for- 
ce, enabling either method of transport 
lo be used indifferently ? 

(b) are these other methods of trans- 
port operated by the railway or by a 
third party ? If by a third party, under 
what conditions ? 


Answers. 


Certain railways have their own road 
passenger services, and even, though 
more rarely, goods services. For exam- 
ple, the Nizam’s State Railway’s passen- 
ger and goods road services cover 4 017 
road-miles. The Egyptian State Rail- 
ways operate some river services. 

Even if they run their own road ser- 
vices, most of the railways have con- 
tracts and agreements with private road 
carriers. 

On the Belgian National Railways 
Company the road services and cartage 
are contracted out for payment of a per- 
centage of the receipts. 

On the Pennsylvania Railroad, such 
contracts are based on the cost per ve- 
hicle in service or per hour of use. 

There are no combined railway-road 
rates except on the British Railways 
and on the Baltimore and Ohio Rail- 
road, 
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The Egyptian State Railways have 
combined railway-river rates; trans- 


port by rail is worked at the usual ra- 
tes, and transport by water at 6/10ths 
thereof. 


QUESTION XXIV. — What co-ordina- 
lion measures have been taken, possibly 
in agreement with other methods of 
transport already in existence, for, the 
conveyance of passengers and goods ? 
What alterations in the rates, if any, 
have such measures involved ? 


Answers. 


With the exception of those Compa- 
nies mentioned below, the railways con- 
sulted replied that the measures taken 
are the same for all categories of lines. 

On the Belgian National Railways 
Company, there are combined rates for 
the transport of goods by the standard- 
gauge and light railways; such rates co- 
ver the whole carriage distance; the 
standard-gauge railway rates increased 
by a small amount per tonne-kilometre 


‘are applied; certain stations issue com- 


bined tickets and season tickets valid 
over both Systems; the price charged 
equals the amount of the two individual 
rates. 

On the Nizam’s State Railway, the ti- 
metables of the trains and omnibus ser- 
vices have been co-ordinated. 

Goods are carried by road to the main 
stations. These road services, though ex- 
pensive to run, have been maintained 
because they act as feeders and increase 
the railway traffic. 

There are separate rates for transport 
by road and rail, but these are adjusted 
to meet competition. 


QUESTION XXV. — Have you prepar- 
ed any balance sheets, for concrete ex- 
amples, of the savings obtained by the 
application of simplified methods of 
working to secondary lines ? 


Answers. 


All the railways consulted replied im 
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the negative except the Belgian National 
Railways Company, which draws up the 
operating accounts for lines showing a 
deficit, after simplification. This is done 
fo see if the estimated savings are in- 
deed obtained. It is found that they are 
in most cases. 


* 
* * 


SUMMARY. 


Under the persistent influence of an 
unfavourable financial position, due in 
the first place to uncontrolled competi- 
tion between the different methods of 
transport, the Railway Administrations 


find themselves obliged constantly to 
endeavour to reduce their operating 


costs by every possible means and con- 
sequently introduce measures of econo- 
my in every field in so far as this is 
compatible with their legal obligations. 

These obligations are generally the 
result of ‘egal enactments going back to 
an epoch when railway transport hardly 
met with any competition. This virtual 
monopoly it no longer enjoys owing to 
the development of motor transport on 
land and sea, and the constant impro- 
vement of the roads and waterways at 
the expense of the community. As a re- 
sult it is imperative to revise the laws 
and adapt them to present-day condi- 
tions, placing the railway upon an equal 
footing with its competitors, whilst at 
the same time safeguarding public inte- 
rests. 

This result can only be obtained by a 
sound co-ordination of transport, giving 
to each method of transport what it can 
fairly claim as its due in view of the 
conveniences it can offer its customers 
at a truly economic and advantageous 
figure. 

Amongst the measures of economy Ca- 
pable of reducing railway operating 
costs, are some that apply to all catego- 
ries of line, as follows 


1. Systematic revision of all the fixed 
plant in order to bring it in line with 
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the strict requirements of the working, 
and simplify the service of such plant. 

2. Detailed study of the train working 
and shunting; permanent check on the 
extent to which passenger trains are 
used and corresponding modification of 
the number and composition of the 
trains; increasing the load of goods 
trains; reducing the number of stops 
and shunting operations during the 
journey in the case of goods trains; use 
in serving small stations of rakes hauled 
by light locotractors. 

3. Rational organisation of the work at 
all the stations by careful study and 
timing of all the work; avoiding any 
loss of time; mechanisation of handling, 
of ticket issuing, etc.; simplification of 
the clerical work and formalities with 
customers (direct communication by te- 
lephone, banking accounts, etc.); com- 
bining duties, especially in small sta- 
tions, so that all the work can be done 
by a smaller staff working to full capa- 
city; use of temporary staff. 

4. Reducing the duration of the servi- 
ce on the line to the strict minimum. 


>). Only opening small stations at cer- 
tain hours of the day, to the best con- 
venience of customers, who can always 
obtain access to the loading and unload- 
ing platforms, however; clerical work 
for such stations done by a neighbour- 
ing managing station; replacement of 
the staff at small stations with very little 
local traffic by caretakers, not on the 
permanent railway staff, but whose ho- 
nesty can be relied upon and who will 
act as intermediary between the rail- 
way and its customers for a moderate 
compensation. 

6. Organisation of road services, ei- 
ther operated by the railway itself, or 
by contract, or by agreement with pri- 
vate undertakings for carrying passen- 
gers in small numbers, and bringing 
ecoods of all descriptions to the railway, 
especially small consignments (less than 
full wagon loads), such services being 
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so worked that the transport time is re- 
duced to the minimum. 

The application of combined rates 
which enable customers to use either 
method of transport at will seems to be 
advantageous. 


* 
* * 


Additional measures of economy can 
be looked for on certain lines, accord- 
ing to the amount of traffic they carry; 
on most of the extensive railway sys- 
tems, the lines have been classified into 
important or average lines and secon- 
dary lines. 

This subdivision, which is generally 
made without taking financial consider- 
ations into account, is based exclusively 
on the tonnage carried and the speed of 
the trains; each railway groups its lines 
according to its own methods of work- 
ing. 

In this connection, it may be recom- 
mended to keep simple statistics, with- 
out any complicated records, enabling, 
however, exact accounts to be drawn 
up, permanently showing the efficiency 
of each line. 


* 
* * 


Additional measures of simplification 
applicable to important and average li- 
nes are : 


1. Transport of passengers by railcars 
or electric trains; 

2. Reduction of the train staff to the 
minimum compatible with the safety of 
train operation; 

3. Operating the lines by the auto- 
matic block system or by centralised 
traffic control (C. T. C.); these systems 
are, however, very expensive to install. 

4. Protecting level crossings from a 
distance; dispensing with keepers at le- 
vel crossings : 

(a) without any additional safety me- 
asures when the road traffic is small 
and the visibility good; 
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(b) with automatic light signals when 
the traffic is relatively important; 


(c) after building over- or underbrid- 
ges when the road traffic is very heavy, 
the cost of such structures being divided 
between the different methods of trans- 
port concerned. 


Additional simplification measures 
applicable to secondary lines are : 


1. Total or nearly total abolition of sig- 
nals and simplification of the working 
by having fixed points for trains to 
meet, and a managing station master in 
sole charge of the service on the whole 
line in the case of important delays. 


2. When the proportion of secondary 
lines of a system is sufficient to justify 
it, the utilisation of special extra light 
rolling stock : railcars, steam locomoti- 
ves, locotractors, all designed to be dri- 
ven by one man who is also as far as 
possible in charge of the passenger ser- 
vice, issuing or inspecting tickets, deal- 
ing with parcels, etc. (one-man car). 

3. Dispensing with keepers at level 
crossings, provision of fixed road signs, 
slowing down the trains and whistling 
on approaching crossings. 

4. Replacement of the station staff by 
travelling staff who go by train from 
one station to another, and the employ- 
ment of the usual train staff for station 
duties. 


5. Suppression of passenger railway 
services when these are so small that 
they can be worked more economically 
by omnibus. 


6. Complete abandonment of the rail- 
way service, removal of the whole rail- 
way equipment, when there are other 
more advantageous methods of trans- 
port in existence or to be introduced, 
which are able to give the public nearly 
the same facilities as they formerly en- 
joyed. ; 
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Railway curves. 


A new method of dealing with track adjustments, 
solely by the aid of the versines diagrams, 


by J. CHAPPELLET, 


Inspecteur divisionnaire du Seryice central de la Voie, Northern Area, French National Railways Company. 


In the pamphlet « Courbes de Chemins 
de fer (+) — Raccordements paraboli- 
ques (Etude sans calcul intégral), im- 
plantation des jonctions dans les courbes 
de formes quelconques, déterminées par 
leurs diagrammes des fléches » (Railway 
curves Parabolic transitions | without 
calculus}, and the introduction of turn- 
outs into curves of any shape, by means 
of versines diagrams), we have shown 
how, by making use of the basic princi- 
ples of curve realignment through versi- 
ne corrections, it is possible to derive 
quite simply, equations for transitions 
between tangents and circles, and between 
circles of different radii, in a compre- 
hensive manner impossible by orthodox 
analysis. 

In this article we propose to make it 
clear that these processes, hitherto em- 
ployed only in the special case of curve 
realignement, constitute in fact a general 
method as important as, for example, 
graphic statics. 

We shall show, in particular, that its 
employment affords an appreciable 
saving of time compared with the usual 
methods, while at the same time a much 
greater degree of accuracy is obtainable. 

First of all we will recall the princi- 


(1) Publisher : L. Eyrolles, Librairie de 
Enseignement technique, Paris. 


IV—2 


ples governing 
curve : 


the adjustment of a 


(a) For any two neighbouring curves 
connecting the same tangents, the sum of 
the versines and the sum of the moments 
of these versines, with respect to any 
point in the alignment, are constant (*). 


(b) The centres of gravity of the ver- 
sines diagrams for these two curves have 
the same abscissa (*). 

To the above principles we add the 
following (*) : 

(c) Two curves of any shape, having 
the same central angle, have equal versi- 
nes sums. 


(d) The central angle of an arc of a 
curve of any profile, joining two straight 
sections (tangents), is equal to twice the 
sum of the versines divided by the length 
a of the equidistance (chord) 

22oF 


C= = 
a 


(e) The central angle of the portion of 


(2) These principles were enunciated by 
Messrs. Lerort, HALLADE, DUPUY. 

(8) This principle was enunciated by Mr. 
SAINT-AMAND, 

(4) See: « A new method of surveying lines 
on curves and of calculating the angle at the 
centre by means of the diagrams of the ver- 
sines », Bulletin of the Railway Congress, 
June 1936. 


332 BULLETIN OF THE Int. RaAmLwAyY ConcrREsS ASSOCIATION 


an arc between two pegs, o and m, peg 0 
being on the straight line, is equal to : 


eau 
SS SS Se 


109) 


a 
fin being the versine at peg m, and a 
the equidistances (chord _ lengths) 


between pegs. 
(f) The central angle of the portion of 
an arc between pegs m and p is equal to : 


2+ 2B ft he 


B a a = 
2 See febily lat 
a 


(g) Let ABC and ABDC’ (fig. 4) be 
two curves, of any shape, the first join- 
ing the tangents SA and SX, and the se- 
cond the tangents S’A and S’X’. The 

' straight sections SA and S’A being either 
coincident or parallel, the straight sec- 
tions SX and S’X’ make an angle 7 with 
one another. 

The central angle of the curve ABC is 
equal to : 


a 
The central angle of the curve ABDC’ 
is equal to : 
25 i 
a+y= pest 
f = versines of the are AC 


F — versines of the arc ABDC’ 


a= chord length between pegs 
whence : 


QYAF QU ef 
| aaa eh (ae mars 


a a 
and : 


OG yy sy 
9 te F D3 f. 
Thus the difference between the ver- 


sines sums of two curves, of any pro- 
file, is equal to half the product of the 
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chord length, a, between pegs, and the 
angle y (in radians). 

(h) The ordinate of any point on a 
curve, expressed in terms of its versines 
diagram, is equal to twice the second 
summation of the versines, from the ori- 
gin of the diagram up to the versine im- 
mediately before the point in ques- 
tion (+), 

(t) This ordinate is also equal to the 
moment of the area of the curvatures 
diagram, with respect to the point in 
question, between the origin and the 
point. 

(j) The ordinate of a point on the tan- 
gent following the curve, not far from 
the tangent point itself, is equal to twice 
the second summation of the versines 
from the origin of the diagram up to the 
versine before the point in question, the 
latter possibly being zero. 


(k) This ordinate is also equal to the 
moment of the area of the curvatures 
diagram for the curve, with respect to 
the point in question. 

These rules are based on the assump- 
tion that the axis of the abscisse of the 
graph coincide, either, with one of the 
two tangents joined by the curve, or, 
with one of the chords of the curve; in 
the latter case the first versine to be 
taken is the one between the chord in 
question and the following one. 

Thus in every case we have : 


Yn = 2 DENY, 


The limits between which these rules, 
and the above formula, apply are the 


(1) See Bulletin of the Railway Congress, 
February 1934, June 1936. See also « Cour- 
bes de chemins de fer. Raccordements parabo- 
liques (Etude sans caleul intégral) ». (Rail- 
way Curves. Parabolic transitions [without 
calculus], etc.) L. Eyrolles, publisher, Paris. 
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xr 


same as those for the formula oR for a 


circle of radius R, and 
(oleae Kids, (1) 


12 Dp 3a? 


for the parabolic transition (spiral). 


(1) All the theorems we have just pro- 
pounded are applicable, as we have 
shown elsewhere, to layouts involving 
curves and reverse curves. It is suffi- 
cient to add a + sign to versines of cur- 
ves the centres of which are on the right 
hand, for example, and, conversely, a 
— sign to versines of curves the centres 
of which are on the left hand, or inver- 
sely. 

In order to show how these principles 
may be applied we will now examine a 
fairly common case of track adjustment. 


Let a curve in a double-track line be 
represented by its versines diagram 
(fig. 1). dn order to carry out certain 
works, the replacement, for example, of 
an ordinary bridge floor by one requir- 
ing a central girder, the inner track (in- 
cluding the tangent which follows the 
curve) must be shifted laterally, either 
parallel to itself or otherwise, by an 
amount governed by the circumstances of 
the case, and which may sometimes be as 
much as 2m. It is proposed to calculate 
the data required to locate the new align- 
ment. 


If the usual methods were employed, 
namely, measurement of the deflection 
angle at the intersection of the tangents 
(often inaccessible), surveying the curve, 
studying the new scheme on paper and 
at the site, a week’s work by a technical 
assistant would be hardly enough in 
many cases. 


(1) See footnote (1), page 332. 


iS 
nD 
£ 
= 
S 
dS 
S 
cw 


Measured versines. 2 8° 40 46 ay 36 64 46 ]¥ 56 pi S54 84 Sv S8& 68 59 $2 Sa 7 So 79 56 J3 C1 fl 5g ps S97? BRA RE BH? EMS i) Ge F2 <e) 


Yonnected wersines. 


°o 


SW 2 29 I8 4) 56 65 66 6 66 66 6S GS ES ES ES ES ES 6S 65 6S 64 By GY GY CS EB 58 47 98 27 446 0 6 


333 


| 

1 

! 

1 

| 
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: kaka eS 
Wwe & Be dows af & QRS 
Tmahsnans a= | Reheoaas wari. 


Taek Gitte? parle & Rah 


lat AO RED ke a dealer care af 
waditts ER beteeeh See Sages Li and 
WO Dieeeetihe a2 S 


Ly 
i 
A 


Se ux RA Be waie af Ge ers |. in de wlbthen Ge pede CS a, 

ani fe Deee Nanri = ah ef Ge & Ge sum ef Be momen 2 Rh w 
wes of Ge ae RO ie enike S VST Deo et 6 te ee ae 
Sv te Tew ehonmean NA 

aamet Ge ciretms diem Tie GMbews beer Be 

3 5 Re Ge cigumesis SC ami af Ge chewhr aes BO and BD ae ae 
we game beower F ond A wth Se DO 
We me imi Gat @e sme mes between Ge weihes 

Ws 


; 
p 


bt, WK 


Dons the ate, FUN told be thon 
See aad hs atts WEEE a pth 


_ tat aa 
-F-h-—-* F +h- 


A Mae | ae 
Shaised Gretts : 


As 4 wustter A tach, iM we draw the 
tangent WA) (Sig, 2) we have - 
Wt WN eC 
MM is for practical purposes equal to 
J a0 the ervon introteseea by ealentas- 
ing MD from the formula 


s,-a)- = 


being equal w the Gillerence between 


two practically equal errors is negligible, 
whence : 
= +he-* 
and : 
his? + ¥ =< Bhs 
bout < 
L—z 


pat-e 3— £5. 


Reurres oF vee ters, Rear Coma heyrisvtuos 


whemes -« 


kg (L—#) 4 
go +h — ef = 2B, 


—Ls+ i =—2hs, 


i? —2ZhA 2hA ‘ 
aon ay emg Soe adetheny mee (Aj, 
2H5 9 2h 2h 


6 being the chord length btmcen oom 


t Bs 

These Sorumle wth bang precise we 
will ascertain the error invhsed, boy 2 
pratica, exameyle. 

Fo £—~-100 mm A—1D m, 

L — iim, «4— 0m, me 
2 = 217 MD, we find - 
t=Gis, ¥=1 2, fz. — fe ~=0 756 a. 
The execs sAution, by trigommaciry, 


gives: 
ce ee A) 
a a 
iF 
{— eso —; —2 
le, = DTT mam. 


” Phe error, 1B —i4A — O44 wm, mt 
having any appreciable influence on the 
negictea. 


versines, tmay be 

We will now refurn the versines 
diagram of fig. 4 and consider the x 
gram, in full lines, of the unadjusted 


curve. 
Application of the formule (1) end (2). 
To apply the formule - 
2BA 


en coe 


i £ 2 


=7341 m, 


a es =BA, 
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and 
2RA 
Y re 
we are able to adjust the curve by the 
method known as « constant radius », 
or as shown by the dotted line in the 
diagram. 


Adjustment by the « constant radius » 
method (+). 

It is readily seen that the versines for 
the circular part of the curve fluctuate 
about an average of 65 mm., which value 
we will adopt. 

Calculate the abscissa g, of the centre 
of gravity G of the diagram relatively to 
the peg 0. We know that to do this we 
have merely to find the sum S of the 
moments of every versine relatively to 
the peg O and divide this moment sum 
by the sum s of the versines. We have : 


S=8x1+10xk2+16 x 38+ 
et bX 34-22 K 3b = 1398 
The sum s of the versines equals : 


seneee 


8+10+ 164+..... + 34+ 
+ 35 +5 + 29 = 1762 
whence : 
S 31 394 
ere pe 9 
s iC pi 
chord lengths = 178.20 m., and 
9 
= ae =a 


chord lengths = 135.50 m., since 65 mm. 
is the versine of the new circular arc. 
d determines the position of the tan- 
gent points A and C, of the new curve, 
on either side of the centre of gravity. 
By setting off from peg 0, on the ver- 
sines diagram (fig. 1), first 178.20 m. — 
— 135.50 m. = 42.70 m., then 42.70 + 


(1) See « Méthodes de rectification du tracé 
des courbes de chemins de fer par correction 
des fléches >» (Methods of realigning railway 
curves by correction of the versines), Pu- 
blisher : L. Eyrolles, Librairie de l’Enseione- 
ment technique, Paris, — i 
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+ (13850 < 2) = 343.70 m., we obtain 
the tangent points A and C of the new 
curve. 

The position of point D is given by the 
formula : 


since 


oT" 

The position of point B depends upon 
the length of the approach parabolic 
transition. If we adopt a length of 70 m. 
for this transition we get : 


= 2711 bes. 236 m. 
By way of example take A — 1.80 m. 
When L = 236 m., a = 10 m, 
A = 1.80, f = 65 mm., we find : 
100 x 1.80 
Y = *0.0es aasoe 


Point D is 414.73 m. from point C, or 
313.70 — 11.73 = 301.97 m. from peg O. 
The length of the arc BD is equal to 
936 — 414.73 — 294.27 m. Calculate the 
versine of the circular are BD. 
The formula : 


> ] 
tO = 
gives 
GP « ae 
3 tO =oRY 
whence 
a? a?/4 Tee 
D alain a(R; a K) a 
a OS) _ fry 
~2hz a ae 
For a4 = 10, .y = 11.73, « = 224.97; 
fz —= 65 mm., we find : 
ATT 3) 96765 
fe, — 65 mm, = 95] 07a ae 
= J O00 1 mm. 


Thus we have all the data required for 
calculating the new versines and com- 
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pleting the table of throws with the help 
of the formule derived in the article, 
« Diagrams of versines and supereleva- 
tions » (1). 

This method has the drawback of re- 
quiring calculations to at least three pla- 
ces of decimals, which is rather tedious. 
At the same time it possesses the advan- 
tage of being thoroughly systematic and 
requiring a minimum of attention from 
the Engineer, the work of the copying 
draughtsman or on the calculating ma- 
chine being the most important. 


Adjustment by 
the « varying radius » method. 


We will now see how we can deal with 
this question, the curve being corrected 
by the « varying radius » method, as 
shown by the dotted versines diagram of 
fig. 1 and the horizontal line : (correct- 
ed versines) of this diagram. 

We will not go into the details of the 
calculations involved by this adjustment, 
which are fully dealt with in the booklet 
« Méthodes de rectification du tracé des 
courbes de chemins de fer par correc- 
tion des fléches » (?). 

The corrected diagram shows that the 
circular part of the curve extends from 
peg 8 to peg 28. 

Calculate the length of the parabolic 
transition by means of the formula : 


wee VE SEPTIC. 
F 


(1) Bulletin of the Railway Congress, Sep- 
tember 1930. 

(2) L. Eyrolles, publisher, Paris. 

(3) « Courbes de chemins de fer. Raccorde- 
ments paraboliques (sans calcul intégral), 
ete. ». L. Eyrolles, Publisher, Paris. It can 
be seen from the corrected versines diagram 
of fig. 1 (dotted line), that if it is not desired 
to use this formula, the parabolic transition 
at the end of the curve extends approximately 
from peg 28 to within 8.00 m. from peg 34, 
that is for a distance of 68 m. Consequently 
L = 200 + 34 = 234.00. 
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We find : 


x=| /3 x ae PE fe 


he (i, SSeS — 67.80 m. 
64 


Consequently the tangent point GC must 
be 33.90 m. from peg 28 and L = 200 + 
+ 33.90 = 233.90 m. 

If we keep A equal to 1.80 m. as pre- 
viously, we have : 


— @A 100 x 1.80 
Y= FL ~ 0.065 x 233.90 


and point D is located 11.84 m. from 
point C, that is to say at 233.90 + 80 — 
— 1184 — 302.06 m. from peg QO, or 
practically at peg 30. 

The length of the are BD is equal to 
933.90 — 11.84 = 222.06 m., and the 
versine f,, is equal to : 


11.84 x 65 
222.06 


== eA mle, 


65 + = 68.46 mm. 


Thus we obtain practically the calculated 
results with the « constant radius » me- 
thod, so that we are at liberty to make 
use of either method, « varying radius » 
or « constant radius », according to 
choice. The latter, however, generally re- 
quires less time on the part of the tech- 
nical staff. 

We now make up Table 1, listing the 
throws. For this purpose, we retain the 
same versines for the parabolic transi- 
tion at the approach to the corrected cur- 
ve, for peg 8 not to be shifted. 

If point D occurs at peg 30, the arc 
BD — 220 m. instead of 222.06 m., and 
we then have : | 
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Table of throws, No. 1. 


Half throws. 
Peg Versines of Versines of Differences Summation ‘Rainy 

numbers. | the arc AC, | the are ABD,| f — F = 0d of the 6’s. Summation 

f F of the figures 

in column 5. 

1 2 3 4 5 6 
0 0 0 0 : 
1 5 5 0 0 
2 1 11 0 u 0 
3 21 21 0 p 0 
4 29 29 0 0 0 
5 38 38 0 : 0 
6 AT 47 0 y 0 
7 56 56 0 0 
8 65 67 2s, ° 0 
9 66 69 es 2 = 
10 66 69 i538 jie —~F 
11 66 69 = rae is 
12 66 69 oe taut 26 
ig 65 69 —4 ee —40 
14 65 69 =e ae mar 
15 65 69 ay Ge —80 
16 65 69 wee = —106 
17 65 69 —4 he —136 
18 65 69 ay) fags —170 
19 65 69 oer ie —208 
20 65 69 Wy ae 250 
2] 65 69 4 iene 296 
29 65 69 me me —346 
23 64 69 =a a: —400 
24 64 69 5 =) —459 
25 64 69 sea 64 —523 
26 64 70 =s ee —592 
27 65 70 25 oe —667 
28 63 70 27 Sol —747 
29 58 70 S20) ah 834 
30 AT 35 +12 28 933 
31 38 0 BESS —2i —1020 
32 27 0 +27 = —1069 
op) 16 0 +16 —22 —1091 
34 6 0 +6 ae —1097 
35 9 0 0 f —1097 
36 0 0 0 o —1097 
1762 1762 
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_ 2 (4 762 — 272) + 68 


= 7.3045 
10 0.3045 


220 


= 5 122. Ly : 
Ry, 0.3045 122.50m., fs, =69.2mm 


The versine at point D will be equal 
to Ooh 35 mm. to the nearest millimetre, 


2 
65 + 69 
» 


and that at peg 8 to == 67 mm. 


The other versines, up to peg 29, will 
vary between 69 and 70 mm., in such a 
way that the sum of the versines of the 
arc BD are equal to the versines of the 
actual curve. 

The table of throws indicates for pegs 
34 and 35, that is to say for the straight 
Hiner ou, a throw o© «1 O87 Sg = 
2194 mm. But our calculations are 
based on a maximum throw of 1.80 m., 
and we will now attempt to account for 
this difference. 

The formule we have been using were 
derived for a pure circular arc joining, 
without transition curves, the tangents 
SA and SC, whilst the versines of the 
circular part of the diagram in fig. 1 are 
those of the original circle, shifted to 
allow of inserting transitions at the ap- 
proach to, and exit from, the curve. 

But to introduce a parabolic transition 
(fig. 2) between a circular are AC and 
the straight sections SA and SC, the are 
AC must be shifted parallel to itself 
towards the centre of the curve by the 
amount : 


tg i 
6R 3a? 
The straight section DC’ being shifted by 


the same amount, SC attains a final shift 
equal to : 


coy LP 
3a? 
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If we put f = 65, p 35 m., we 
obtain a throw of 1800 + 266 — 2066 
or a half-throw of 1033 mm., giving a 
difference of 1097 — 1033 — 64 mm. 
This discrepancy is due to the fact that 
the versines of the circular portion of 
the corrected curve represented by the 
versines diagram (dotted line) of fig. 4, 
are not absolutely constant, and that its 
transitions are not theoretically correct. 

It would be possible, by modifying a 
few of the versines by + 1 mm., fo eli- 
minate this discrepancy, but there would 
be no point in so doing as it is neces- 
sary to introduce a Nordling transition 
curve between the are BD and _ the 
straight section S’C’. 

For this transition to have a length of 
80 m., the straight section S’C’ must be 
shifted parallel to itself and towards the 
outside of the curve by : 


40° x_70 
Se 107 
But the table of throws indicates for the 
straight section SC a throw equal to 
1.097 < 2 = 9194 m. towards the cen- 
tre; combining this with a throw, towards 


the outside, of 0.373 m., we finally arrive 
at a nett throw towards the centre of : 


2194 — 0.373 = 4.821 m, 
instead of 1.800 m. 


It is a simple matter to eliminate this 
discrepancy by altering one or two of the 
versines for the arc BD or the transition 
curve by + 1 mm. in such a way that the 
versine-sum for the are AD remains 
equal to that for the are AC. 


= 373 mm. 


Application of formula (3) : 
ell 2A 
ea 
We will apply this formula to the case 
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of the uncorrected curve represented by 
the full lines in the versines diagram of 
ficial: 

An inspection of this diagram reveals 
that the transition at the curve approach 
ends at peg 8 and that at the exit ends 
at peg 28. 

Determining the length of the para- 
bolic transition at the exit by the for- 


mula : 
65 


we obtain 67.25 m., which enables us, 
without any adjustment of the circular 
portion of the curve, to fix the point D 
practically at peg 30. 

Let the arc BD have a length of 
300 — 80 = 220 m. We then have : 


200 2U8f+ fe 


Oe ree ee 
2Yef+tfe 2x 1481474 | oy, 
=r eee [tr ae 0.3036 
whence : 

22H 0.3036 
‘Th, capes 
220 TI4 64 
i -760,5036 Reka | ae 


ands /- e800 smn. 


It will be realised that this very quick 
method, using the uncorrected curve, is 
only valid provided the versines of the 
circular portion of the curve fluctuate 
about an average value, which is quite 
easily verified. 


Method based on the direct calculation 
of ordinates. 


There is also another method which 
can be: adopted. 
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Assuming that the are AC (fig. 2) re- 
presents the layout corresponding to the 
versines diagram in fig. 1, and that point 
B occurs at peg 8, the end of the para- 
bolic transition at the curve approach, 
we have : 


BT —BV=A, 
BT — als 
ae 
BV= OR,’ 


f being the versines of the are BC 
from peg 36 to peg 9, 

and a the length of the arc BD of ra- 
dius R,. 
x? 
hes IR,’ 
for the errors involved in calculating the 
ordinates BT and BV with these appro- 
ximate formule, being almost equal, will 
cancel each other. 

On the other hand, z—( being the cen- 
tral angle of the are BC, or the are BD, 
we have : 


Consequently : A = 2 Xd, 


x | a— B x 
Means Te Rae x ’ RGeats=aee 
a® a? (a — B) 
aay eres 
a? 2% a—B . &(4—B) 
AE. Eg ORC? 
and 
KV28i yee By 
whence : 


Applying these formule to the exam- 
ple we have already cited, we find : 


2 Swen A 
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= 17.884 m. K 2— 1.80 m.= 33.968 m.; 


de Paleo 


_ 1.481 x 2+ 0.074 


a = 0.3036; 
33.968 
— — 99 
0.3036 22S LOM se 
2 
_ 10° x 0.3036 


is: ou coa mom 3 ttn 2008. 
These results agree quite well with 
those found previously. 


Track shifted obliquely. 


Let the straight line SC (fig. 4) be 
shifted to S’C’ so that the two meet at an 
angle 7, and that CC’ — A. 

Let AC be a circular curve of radius R 
between the two tangents SA and SC, in- 
tersecting at S. 

Let BD be a curve of radius R, having 
a common tangent with the circle AC at 
B and touching the straight line SC 
at D. 
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We propose to calculate the length of 
the arc BD, the value of the versine fg, 
and the throws required at each peg of 
the are BC to shift it to the new align- 
ment BDC’. 

Considering the offset to the tangent 
BQ, we have : 


ND = QD — QM + MN, 


be 
2R,’ 


ND Ch gin sD 


a y? 
QM = sR- MN= 9 
x being the length of the are BD, and 
y — MC, 
whence : 


xr? y? 


a 
—ytany = —— — a, 
ee ELM Corner ean 


for all practical purposes, since the er- 
rors involved in calculating QD and QM, 
being almost equal, tend to cancel each 
other. 

The same equation is obtained if CC’ 
is expressed as the offset between the 
two curves BDC’ and BC. 

This offset is, in fact, equal to the dif- 
ference between the moment about C’ of 
the area of the curvatures diagram for 
the alignment BDC’, and the moment 
about C of the area of the curvatures 
diagram for the alignment BC. 


In the first case the moment is 
equal to : 
R,\2 hg Ra 


and in the second case, to : 


et OO a ie a! 
@ +0) RX 9 agement 
whence : ; 
x? ae? ian 1) 
i See SS a eS ee See 
aon oR; eon MORE R 
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The central angle of the alignment BD 
is equal to the central angle of the align- 
ment BC, plus 7, whence : 


tet yaex pa=pttty 
cae GA) 
and C= A= gt 4 TH 4 H+ 
Sse eae 
woe ea a 


We have thus evolved the same equa- 
tion as before, with the exception that 7 
in the second term of the left-hand side 
has been substituted for tan, to which 
however it is practically equal, the angle 
y always being small. 


From the equation : 
Ia ee pete ie 
i) ay ae 


we obtain, by putting : 


4 ist Oa aa)? 
A) aS eng Gat a Tp Ae 
Roa? + y2 = ORA— Ry, 
but y — L — a, L being the length of 


the arc BC, 
Roa? + (L — x)? = 2RA— 2Ry(L—a). 
The equation : 
et, y 
och vehi B 


(R — R,) sin ( — 8) 
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gives : 


Consequently : 
L—2 v 
2 
we ( Ra x 
+ (L— xz)? = 2RA — 2Ry (L— 2) 
Ra?L— Ra? , Ra?y 
Raz no 


Patsy Ee 
eL + Rye = L?—2RA+2RyL 
—9?RA+ 2RyL 

a ii aoe eae (4), 

2RA—RyL 

yo are EWS) 
2A—vyL 
~ a— 847 


i 


2A—ybL _ 
L 
nae 4¢ 


From 


we get : 


a . 
> Oh, 


a? (L— 2% v 
— tk = 5 (he 1: 


These formule not being strictly ac- 
curate, we will ascertain the error involv- 
ed, in an actual case. 

When R = 1000 m, L = 441.24 m.,, 


A = 2.88 m., y = 33’, oe oo 
we find : 2 = 468.07 m, y= 257 m, 
fe, = 51.29 mm. The exact solution, by 


trigonometry, yields : 


y= cies — R, tan y = 2.33 m., 
Reece — 6) cen a 
Ry ee Be one 
Oe — cos (# — 8) + sin (a — B) tan y 


fe to Ny 
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The difference, 257 m. — 233 m. = 
= 0.24 m., is negligible, since it has no 
effect on the value of the versines of the 
are BD. 

The application of formule (4), (5), 
and (6) to a curve represented by any 
diagram of versines such as that of fig. 4 
(full lines) will be made as we have al- 
ready shown, in the case of the straight 
line SC being shifted parallel to itself. 


Method based on the direct calculation 
of the ordinates. 


Assuming that the are AC (fig. 4) re- 
presents the alignment defined by the 
versines diagram (full lines) of fig. 1, 
and that point B is located at peg 8, the 
end of the transition at the approach to 
the curve, we have : 


GE — BE — BG 
GE = CC’ — EC tan y = A — EC tan y 


BF 
BE = 2d ef; = , 
cos 
a a? 
BF =... BG= 5 : 
2R, 2 R, cos y 
whence : 
x? 


A — EC tan y = 2 2255 f — sR cosy 
a 1 y 


The central angle of the are BD is 
equal to the central angle of the align- 
ment BC plus the angle +. 

The central angle of the curve BC is 
-equal to : 


2 dss f+ fs 
10 ; 


whence : 
a“ ae ] + fs 


Li) Nol ai Ven 
Rae itean) os wit 


ax 
R,’ 
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Finally 
A— KC tany = 
2 9 v9 ie 
ei glume ba ers 
= 22h f—5 =< Cant fey e Y, 
and 


(2 X23 f + EC tan y — A) 2cos oe 
ON 9 
36 i ot fg v 


Knowing the value of x, we can now 
calculate R, and, therefore, f,, from the 
formula : 


o _ 2efthe 
Ee aad Ohashi 


When the curve AC is made up of se- 
veral parts of widely different radii, the 
calculation of EC is difficult, and the 
process is therefore not to be recom- 
mended : it is preferable to correct the 
curve by either the « constant radius » 
method or by the « varying radius » me- 
thod; in this case the difference between 
the versines should not exceed 1 to 2 mm. 

We will now apply the method to the 
curve represented by the versines dia- 
gram in fig. 1 : 


Substituting into the formule : 
5a L?—2RA+ 2RyL 
i L+Ry J 
_ 2RA— RyL 
~~ D+Ry’ 


fu — fe =F (Gee to 


the values : a = 10 m., A — 288 m,, 


Y== oo, 
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— we get for L = 233.90 m. : 

2 = 222.70 m., y = 11.20 m., fry = 
704 mm., 

= and for L — 236.00 m. : 
2 = 22496 m., y = 11.04 m, fr, = 
70.3 mm. 

From the formule : 
_ (2 233, f+ EC tan y — A) 2 cos y 


x ry FF 
me il 36 8 
Pte Vat 
4 23am x 
R, 10x an? 
putting EC — BC = 233.90 m., we get : 
gi== 22435 m., Ry = 116 m., fa = 
70 mm. 


None of these results differ by more 
than a negligible amount. 

Having compared these formule, we 
return to our problem, letting the are 
AC (fig. 4) be the alignment represented 
by the versines diagram in fig. 1 (dotted 
lines), the point C coinciding with peg 
34, and making A — 2.88 m., 7 = 33’ = 
= 0.0096. 

We have seen in dealing with the first 
example that L = 233.90 m., the circular 
portion of the curve extending from peg 
8 to peg 28; therefore : 

, _2RA—RyL _ 
EE oh cae == 4 0 mm. 

Point B being at peg 8, point D will 
be at 80 + 233.90 — 1120 m. = 
= 302.70 m. from peg O, that is, practic- 
ally at peg 30. 

But in that case BD will equal 300 — 
— 80 = 220.00 m. We then have : 


220 2+ fe 

Ry © aan 
— 0.3045 + 0.0096 = 0.3444 

220 


4 = 0.31 hr, = 71.43 mm. 
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We can now complete the table of 
throws, No. 2, retaining the versines of 
the transitioned approach (as far as 
peg 7) so that peg 8 requires no throw. 

The versine at peg D must equal 
—s 35.71 or 36 mm. in round figu- 


5 + 71.43 
res, and that at peg 8, Se ee os 


= 68 mm. 

The other versines, up to peg 29, will 
have values varying between 71 and 
72 mm., in order to make the difference 
between the versines sum for the are AC 
and that for the are AD (on the align- 
ment ABDC’) equal to : 


0.0096 x 10 
re 


al 


a 


= 48 mm., 


a 
4 
point C being situated at peg 34, which is 
common to the are AC and the straight 
line SX. In this way the difference 
between the throws at pegs 34 and 35, 
determining the direction of the straight 
line S’X’, is equal to 48 x 2 = 96 mm., 
and the angle between SX and S’X’ is 
equal to : 


yY=— = 9.6 mm. 


The versines sum for the are AC being 
equal to 1762 mm., the versines sum for 
the are ABD should be equal to 1762 + 
+ 48 = 1810 mm. 

The table of throws, No. 2, shows ne- 
gative throws at pegs 34 and 35, equal 
respectively to : 

4799 mm. xX 2 = 3598 mm. 
1847 mm. X 2 = 3 694 mm., 


whence : 
3694 — 3598 
40 


equal, in fact, to the value of the angle y 
between the two tangents SC and S’C’. 


= 9°6 mm, 
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Table of throws, No. 2. 


ee I OE ee PAE es aie 


Half throws. 
Peg Versines of Versines of Differences Summation ones 
numbers. the are AC, | the are ABD,| f — F = 8 of the §’s. Summation 
F of the figures 
in column 5, 
1 2 3 4 5 6 
ee ee ae ee a EP 
0 0 0 0 
1 5 0 0 0 
2 11 1 0 0 0 
3 21 2 0 0 0 
4 29 29 0 0 0 
5 38 38 0 0 0 
6 47 47 0 0 0 
7 56 56 0 0 0 
8 65 68 a8 0 0 
9 66 71 255; aoe == 5 
10 66 a = =e =i 
11 66 ral 5 ge —24 
12 66 71 a5 —18 —42 
13 65 ral = —23 — 65 
14 65 71 nz —29 —94 
15 65 in £55 —35 —129 
16 65 71 = —41 = 1720 
17 65 71 =y; —47 —217 
18 65 71 BEG —43 —270 
19 65 71 ==6 —59 —329 
20 65 71 auf —65 —394 
il 65 71 —6 Sail —465 
22 65 72 7 me —542 
23 64 72 2-8 —84 —626 
24 64 72 8 —92 718 
25 64 72 ==§ —100 —818 
26 64 72 ig —108 —926 
27 65 72 7 —116 —1042 
28 63 72 9 —123 —1165 
29 58 72 14 —132 —1297 
30 47 36 +11 SEED 1443 
31 38 0 +38 135 —1578 
39 27 0 +27 =o —1675 
33 16 0 +16 th —1745 
34. 6 0 +6 = —1799 
35 0 0 0 8 —1847 
36 0 0 0 a —1895 
1762 1810 
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In order to introduce a Nordling tran- 
sition curve, 100 m. long, between the 
tangent S’X’ and the are BD, the straight 
line S’X’ must be shifted parallel to it- 
self, towards the outside of the curve, by 
the amount : 

fp? 12 x 50° 


The throw at peg 34 becomes 1799 
«x 2 — 600 — 2998 mm. instead of the 
2.88 m. required. It is therefore neces- 
sary to reduce the half-throw at peg 
34 by : 


28 2S = 0.089 = 89 mm. 
which is quite easily done by modifying 
a few of the versines by + 1 mm., but 
in such a way that the difference 
between the versines sum for the arc 
ABD and that for the are AC remains 
equal to 48 mm. 


Two examples having been dealt with 
at length, we will now briefly review one 
or two variations. 


In the case of fig. 5, the trigonometrical solution yields : 
R (1 — cos (« — 8) -+sin (a — 8) tany)—A 


Ryk= 4 
ce + sin (a — 8) tan y — cos (« —§) 
C Dee R, tany — Suen) 0 oC Reine ee hear ra eee 8). 


cos y 
Using the versines diagram, we find : 
L? —2RA+ 2RyL R(yL—2A) yL—@2A 
Ry +L he 1 Se Reg eee, BE 
In the case of fig. 6, the trigonometrical solution yields : 


R, _ A+R (1 —cos (« — 8) —sin (a —-8) tan y) 


4 ps 


ime sin (a — 8) tan y — cos (a — 3) 


__ (Ry — R) sin (a — 8) 
= cos 


c’D — R, tan y. 


Using the versines diagram, we find : 


pe Lt+2RA—2RyL | RQA—Ly)_ 2A—Ly 
L—Ry L—Ry = a—6—y 
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In the case of fig. 7, the trigonometrical solution yields 
Ree. A + R[1— sin (a — 8) tan y — cos (2 — 8)] 
i : : cap ee Ne. 


—— — sin (a — 8) tan y — cos (2 — 6 

cosy 3) tan 4 (a — f) 

: Hy, <== 1A) Siu (2 == (6) 

”D = R, tan y — Ges) eee Ped 
ec v 


Using the versines diagram, we find : 
__ 2RyL—-—-L? —2RA 


a= ai y= 


RK iN G 


SRC= 


PATI NE | 
2 f vL 
Ry—L 


In the case of fig. 8, the trigonometrical solution yields 


oA ae R (1 — cos (a — 8) + sin (a —§) tan 4 
- : 


+ sin (« — ) tan y — cos (4 —§) 


R, 


COS Ai 


@ D= Ry tan +4 (i= ssi (aa) 


COS 
Using the versines diagram, we find : 
ee L?+2RA+2RLy RZAS yl 2AM Le 
- L+Ry tea BeeRy) Gia Soe 


IV-3 


(2 — 8) 


B47 
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Fig. 8. 


It is not always obvious at first which 
case applies in a particular instance. To 
distinguish the case of fig. 4 from that 
of fig. 5, or the case of fig. 6 from that 
of fig. 7, it is sufficient to calculate y 
by means of the formula corresponding 
to each case; the suitable formula yields 
a positive value for y. 

At point B where the radius of the 
curve BD is equal to R,, it should be ve- 
rified that the difference between the 
versines f,, and f, does not exceed the 
value ascertained from the formula fr, — 

8.6 
i, i 
metres per second. 


(*), v being the speed in 


QF 


&.6 
When fr, — fx > eee slight adjust- 


ment to the versines of the approach 
transition is sufficient to restore the 
progression of the curvature. 


(1) See the work quoted previously, in the 
footnote, page 331. 


We will conclude by considering two 
cases of curve adjustment involving re- 
verse curves. 

Let TABC, in fig. 9, be an alignment 
which it is desired to replace by the cir- 
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cular arc TT,, of radius R, tangential to 
the straight line ST at T, and with the 
straight line ST, at T,. The alignment 
TABC is made up of two curves, TA and 
BC, of the same hand, joined by the cur- 
ve AB of the opposite hand. 

Curve TA is tangential at T to the 
straight line ST, while curve BC is tan- 
gential at C to the straight line ST. 

Considering the alignment TABC, we 
have 


Eig ype 222 GT, 
/ vepresenting the versines of the curves 
CB, BA, AT, positive for the curves CB 
and AT, negative for the curve AB. 


Considering the circular arc TT,, of 
radius R, we have : 


whence 
1 
Fe ge) 
2 22¢f = sy: 
The central angle « of the alignment 
TABC is equal to the angle «, of the 
alignment TT,. 


S v 
Buta = 6 +6— w, a= pe 
whence 
a“ = 
a 6+6—w. 
ie Ost P— aa 
Rowe x : 6+6—w' 
and 
9 YY f= pe Oe Ol LPP Ore) 
cite OL | g 2 ‘ 


(1) When the straight line SC is shifted 
parallel to itself by an amount A, we have : 
Zee on + A, according to the direction 


of the shift. 


BULLETIN OF THE INT. RatLway Concress ASSOCIATION 


349 
FAW .1\) 
(SOR ee ees 
6+6—.' (8 + 6 — w)*? 
, OES Nef 9 D2 / 
i? =— as o> — 5 eS =-——4 
aw a a 


a = chord length between two pegs. 

In the table of throws, the versines- 
sum for the alignment TABC should 
equal the versines-sum for the are TT,, 
the versines of the curve AB being taken 
as negative. 

Referring to fig. 10, imagine the same 
alignment as in fig. 9 to be replaced by 


Boma: 


the circular arc TT,, of radius R, tangen- 
tial one end at T to the straight line ST, 
and at the other end at T, to the straight 
line 8,T,, which makes an angle , with 
the straight line ST. 

Considering the alignment TABC, the 
ordinate of point C with respect to the 
straight line TS produced is equal to : 


WV Ff: 


amt ) 


Vig = 


the versines of the arc AB being negative, 
the ordinate of point C” on the circular 


v 


arc TT,, of radius R, with respect to the 
same axis of the abscisse, is equal to 


— 4)? ee 
Yor = = , w= TT, y= TiC, 
VO y? 
Se 38 
Consequently 
CC = CU" — ('C" = 
(x Sei! z o wwe 7 ye ; 
A is part of the data, so that 
x? + y? —Qay —4 RUN, f—y? = 2 BRA, 
Ya L, 


L being the length of the alignment 
TABC. 

The central angle ~, of the circle TT, 
is equal to the central angle x of the 
alignment TABC reduced by the angle 
between the two tangents SC and S,T,; 


aG ut 
= ¢ — ¥ => =," Cat 
O | 0. R —_ v 
and 
2 YD» ’ vy) U vyc 
a 20 (2 — L) —4 ——— 38 f = 
ae + 
1 4 $b SS 
=— 9 A—2? + 9% L Sa 
C= Vv CN, 
i 1 
Op iN 
ae a—y 
4> Cc 
r=2L 4325 f ine 
ge 
4 43dn dh a7 2) = 
Uae ee ge 
ov 
g4=8+6—o, == a0], 
al 
Sud ~ 
er py) Base 
oh == 5 ) = 
a al 


We could also proceed by calculating, 
as we did previously, the ordinate of 
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point T, with respect to the straight line 
SC produced, and the straight line S,T, 
produced, respectively. 

In the table of throws the difference 
between the versines-sum for the align- 
ment TABC and the versines-sum for the 
are TT,, should equal : 

ya 107 


Se 2 
for a chord length of 10.00 m. 


The treatment of parabolic transition 
curves, without calculus ('), and the 
problems we have just solved, show that 
we applied a general method of calcula- 
tion, the fundamental rules of which we 
will now summarise. 

This method consists in superimposing 
the versines diagram or the curvatures 
diagram of the required alignment, upon 
the versines or curvatures diagram of the 
existing alignment, so as to be able to 
calculate the throw of each peg in the 
original alignment, required to bring it 
into the new alignment, some of the 
throws being conditioned by the particu- 
lar circumstances of the problem. 

The properties of the versines- or cur- 
vatures diagram of the new alignment 
are determined by the relations which 
exist, on the one hand, between the cen- 
tral angles of the two alignments, and on 
the other hand, between the ordinates of 
certains corresponding points of the two 
alignments; for example the difference 
between two of these ordinates may have 


to equal a certain distance, depending 
upon the topographical data of the 
scheme. 


This method is a generalisation of that 
used in the realignment of curves, and 
therefore shares the same advantages, 
namely speed, simplicity, and considera- 
ble accuracy. 


(1) Work already quoted. 


[ G21. 151.5 (44) & G21. 152.5 ( 44), 


P.L.M. “Pacific” locomotives, classes 231-6, 231-H and 231-K. 


Trials carried out and results obtained, 
by A. PARMANTIER, 
Chief mechanical engineer, French National Railways, Northern Region. 


(Revue Générale des Chemins de fer.) 


The increased power of locomotives has been necessitated, as is known, largely by the 


introduction of metal coaches into the stock of the various railway companies — these 
coaches being incomparably stronger than wooden coaches, but at the same time a little 
heavier — whilst a further cause was the necessity for competing with road motor 


transport, by increasing the average speed of trains. 

As there could be no suggestion of the demands being met entirely by the construc- 
tion of new express locomotives, the required increase in effective power of the existing 
engines could only be obtained by increasing at the same time the efficiency and the 
maximum actual power. 

In spite of numerous variations in the form, practically the same means have been 


used by all railways to attain this end: — increases in boiler pressures and superheat 
temperatures — use of feed water heaters — reduced wire-drawing in steam passages 
and reduced back pressure in the blast — improved draught and combustion. 


The Revue Générale des Chemins de Fer has already given several examples of the 
investigations carried out, and the results obtained, by the Paris-Orléans (‘), Est (°) 
and the State Railways (°). 

From the following note it will be seen that the P.L.M., in endeavouring to improve 
their express locomotives, have followed the same principles, at the same time retaining 
the simplest and most conventional arrangements of the various parts, particularly the 
valve gear. The same desire for simplicity led the P.L.M. some time ago to replace the 
independent high and low pressure valve gears which are fitted to almost all other 
compound locomotives, by conjugated valve gears in which the ratio of the high pressure 
cylinder cut-off to the low-pressure cylinder cut-off remains fixed. 

At the end of the note dealing with the successive changes which have taken place 
in the 4-6-2 engines, Mr. Parmantier questions whether independent valve gear, in spite 
of its complications, would not be preferable to conjugated valve gear, and if to facilitate 
starting, it would not be advantageous to complete this alteration by the provision of a 
device for working the high- and low-pressure cylinders under simple expansion. 

Trials being carried out will show whether efficiency must be sacrified for simplicity 
or if, on the other hand, the gain to be expected from it would justify the suggested 
alteration and resultant complication of construction and later on of maintenance. 


xy 


% * 


See Revue Générale des Chemins de fer : 

(1) Mr. Cuaprton, July, 1931; Febr. and March, 1935. 
(2) Messrs. Poncer and Lecurmir, January, 1937. 

(3) Mr. Barrter, March, 1938. 
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The Paris-Lyon-Méditerranée (P.L.M.) 
Company has, during recent years, made 
various improvements in its Pacific lo- 
comotives and has perfected three new 
types of engine : the 231-G, 231-H and 
231-K. This article deals with the alter- 
ations made, the trials carried out and 
the results obtained. 


I. HISTORY. 


The introduction of Pacific locomoti- 
ves on the P. L. M.—dates from 1909. 
This was the period when superheating 
was making its appearance and, accord- 
ing to its sponsors, was about to sup- 
plant compounding. The P. L. M. wish- 
ed to compare the two ways of using 
the steam, and two Pacific prototypes 
were constructed, having a grate area of 
4.25 m2 (45.2 sq. ft.) and coupled wheels 
2m. (6 ft. 6 3/4 in.) in diameter ; 


— one four-cylinder compound loco- 
motive, No. 6001 (4), using saturated 
steam : 

boiler pressure 16 kgr./em2 (228 Ib. 
DETS Cmte) es 

total volume of the two low-pressure 
cylinders : 


NOG << 2 ss ah Ihiimas (28) O20) Cu, ihn.) 


— one four cylinder simple expan- 
sion locomotive, No. 6101 (2), using su- 
perheated steam : 

boiler pressure 12 kegr./em?2 
jae Sap Tal) = 


(Al ilo. 


total volume of the four cylinders : 
117 AS 4.68) litres 1(28°560eun im.) 


It was found that the superheated 
four-cylinder simple expansion engine 
was more efficient than the compound 
engine using saturated steam, and the 
Company adopted the former arrange- 
ment in the construction of a number of 
engines, one class, 6101-6171, having a 
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boiler pressure of 12 kgr./em? (171 Ib. 
per sq. in), and another series (6172- 
6191) having a boiler pressure of 14 
ker./em? (199 Ib. per sq. in.). 

One question however remained un- 
solved, that was, the choice, when using 
superheated steam, between simple ex- 
pansion and compounding. 

In 1912, therefore, a new type of Pa- 
cific locomotive, class 6200, superheated 
and compound, with a boiler pressure 
similar to 6001, of 16 kgr./em? (228 Ib. 
per sq. in.), but with larger cylinders — 
the total volume of the low-pressure cy- 
linders being 215.5 x 2 = 431 litres 
(26300 cu. in.), was put into service. 
This proved to be superior to the two 
original types, and it was decided to 
adopt it as the standard Pacific locomo- 
tive for the P. L. M. At the same time, it 
was decided to apply superheating to 
the original 6001, compound, type. 

Trials carried out at this period with 
the converted 6001 locomotive gave the 
following specific results 

On the 6th February, 1913, a train of 
487 t. (479.3 Engl. tons) was hauled 
from Laroche to Blaisy, 133 km. (82.6 
miles) on a continuous average gradient 
of 1 in 416, and of 1m 125"70n"thetast 
13 km. (8 miles), in 85 2/3 minutes, i.e. 
at an average speed of 93 km. (57.8 mi- 
les )an hour. The engine developed an 
average cylinder horse-power of 1885, 
and an average tender drawbar horse- 
power of 1274. The average consump- 
tions per drawbar horse-power were 
163 ker. (3:59 dbs) of coallsandiel2)45ei- 
tres (2.74 Br. gall.) of water. 

The compound locomotives, series No. 
6200, following the general practice 
adopted by the P.L.M. for all compound 
locomotives constructed after 1899, 
when the 220-A (formerly C. 61-180) 
class were put into service, were fitted 
with a complete Walschaerts valve gear 


(1) See « The P. L. M. Company at the Ghent Exhibition, 1913 >. 


P. L. M.); Le Génie Oil, 24th May, 1913. 
November, 1913, page 310. 


(2) See « The P. L. M. Company at the Turin Exhibition, 1911. 


Nee ABS IR) 


Published by the 


page 67; and La Technique Moderne. 1st 


(Published by the 
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de- 
the 


to each cylinder, but were given a 
finitely fixed cut-off (63 %) for 
low-pressure cylinders (‘). 

When in 1922 it was found that the 
stock of express locomotives was insuf- 
ficient, a new series of compound Paci- 
fic locomotives was constructed, class 
6 300 — later classed 231-D — which 
differed from the 6 200 class only in the 
method of conjugating the valve gears. 
With a view to simplifying the interior 
mechanism, an endeavour was made to 
transmit the movement of the outside 
slide valve to the inside slide valve, and 
a type of conjugated valve gear was fi- 
nally adopted and has since been fitted 
on all the P. L. M. Company’s compound 
engines (2). 

On the 231-D type Pacific locomotives 
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the relation between the high and low- 
pressure valve gears is as follows 


Cut-off % uP, 
40 52 
45 57 
50 63 
55 68 
60 72 


Comparative trials carried out with 
superheated locomotives, compound and 
simple expansion, showed a marked ad- 
vantage in favour of the compound en- 
gine, and the P. L. M. decided to pro- 
ceed with the conversion of all their 
simple expansion Pacific locomotives to 
compound (3). 

The characteristics of the P. L. M. Pa- 
cific locomotives, on the completion of 
these alterations in 1930, are summed 
up in Table 1 hereafter. 


Table 1. 
i i pica ; [ ! - ) 1 7 | nl > ae | 
Class of locomotive. | 4 2° Total volume leetio 
Slat de SSeS co enoe 13 of 2 evlinders, Se lee f 
La aa | ihe a! os 3 Boiler ira Sl uiep Type o 
poet | got, BES] ES | pressor, a vate ear 
escrip- deserip-  |.5 72 | HP. LP. ve 
tion. tion. Ty ke | 
———— a_i EET EERE, DEERE ee eel 
ker./em2 litres litres 
(lb./sq.im.) | (cu. im.) | (cu. in.) 
231-B.  ./6172-6191 14 225 43] 1.91 | Conjugated val- 
| (199) | (13 730) | (26 300) ve gear. 
231-C-1 .| Prototype 
*G001. | 16 | 180 392 2.18 {Separate valve 
(228) (10 980) | (23 920) gear but with 
31-C-2 2 2 | the low pressu- 
231-C-2 ee eee ie ate uw 
to 86./Class 6200 | AS | a 16 LOT Slgsectol 218 7 re cut-off fix- 
Nee a (228) (12 020) | (26 300) | ed at 63 %. 
231-D. {Class 6300 | S& | a& 16 197 431 | 2.18 | Conjugated val- 
eos je (228) (12 020) | (26 300) ve gear. 
Peo, BIEN (vores \o OS be 
mer 6101- 
6171, con- 1a 
verted) ‘ 12 265 | 43] 1.62 | Conjugated val- 
| (Gli) (16 170) | (26 300) | ve gear, 
ee Se Bot 


Applied Mechanies, 


(1) The report of Mr. E. CHapat to the International Congress of Lic 
1900 (second question — Locomotive trials carried out by the P. L. M. Company) gives 


the reasons which led the P. L. M. to adopt a_fixed cut-off of 63 % for low-pressure 


cylinders (page 215 of the proceedings; Dunod, Publisher). 


Release type reversing gear, 


of the type described in the Revue Générale des Chemins de fer, September 1898 (page 193), 


was fitted. 


(2) This type of conjugated valve gear was described by Mr. VALLANTIN in his note on 
the 4-8-2 Mowntain locomotives of the P. L. M. Company, in the Revue Générale des Che- 


mins de fer, February 1926, page 92. 


(3) See communication by Mr. VALLANTIN, to the « Institute of Locomotive Engineers >, 
26th February 1931. — Revue Générale des Chemins de fer, April 1931, page 428. 
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Fig. 1. — 231-D locomotive before application of smoke deflectors. 


II. 231-D LOCOMOTIVES. 


The 231-D class superheated com- 
pound Pacific locomotives, with a boi- 
Jer pressure of 16 kgr./em? (228 lb. per 
Sq. in.), conjugated valve gear, piston 
valves and single clover-leaf type blast 
pipe, have been, from 1922 until recent 
years, the type of locomotive used by 
thes Beton express trains ivoSaely 
Dy Rpiel 3p 


fitting of a feed water heater, improved 
superheat, application of smoke deflec- 
tor screens. 

We shall briefly review the modifica- 
tions carried out 

1. Feed water preheating by exhaust 
steam from the cylinders. — Trials car- 
ried out since 1921 on various classes of 
locomotives had shewn the advantages 
accruing from feed water heating by 


A. — Improvements effected in the 
231-D locomotives. 


Various improvements were progres- 


sively applied to the 231-D engines : the 


exhaust steam from the cylinders, and 
led to the adoption of feed water heat- 
ers, with condensation of the water by 
mixing (‘), ‘ 


(1) See Revue 
PARMANTIER, 


Generale des 


Chemins de fer, February 1925, page 114, Note by Mir 
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The P. L. M. Pacifics are all equipped 
at the present time with ACFI feed wa- 
ter heaters, R. M. type. 


2. Improved superheating. — Investi- 
gations undertaken in 1925 with a view 
to improving the obviously insufficient 
superheating of a class of simple expan- 
sion goods locomotive showed the pos- 
sibility of obtaining favourable results 
by suitably distributing the combustion 
gases between the superheater tubes and 
the boiler tubes (‘). 

Consequent upon the information 
gained in this direction, various modi- 
fications were applied to the 231-D lo- 
comotives, which allowed the superheat 
temperature to be increased from 260° 
to 380° C. (500 to 746° F.) an increase 
of 120° C. (216° F.) which resulted in 
a fuel economy of more than 10 %. 

The modifications were as follows : 

— reduction in the diameter the tu- 
bes are fitted in the firebox tube plate : 


41 mm. (1 5/8 in.) instead of 50 mm. 
(2) rims) 3 
— smaller diameter of superheater 


elements [replacement of the 31 x 38 
mm. (1 1/4” x 1 1/2”) diameter tubes 
loyy 2s Se Sian, (LI Sayer) (ole 
meter tubes]. 

— improved form of supports 
stays (use of thin plate supports giving 
a greatly reduced section) ; 


and 


— increased diameter of the large su- 
perheater tubes [replacement of 125 xX 
Se SS mi, (4) PY G2? Se BWW) Care 
meter tubes by 135 %< 143 mim. 
@ 5/167 >< 5719/7327) diameter tubes |; 

—  superheater elements lengthened 
towards the back (distance of the back 
spearheads from the firebox tube plate 
reduced from 690 to 450 mm. (27 1/8 in. 
LOmle(eelely/ Omi) 


Tables 2 and 3 sum up the character- 


(1) See Revue Générale des Chemins de fer, 
June 1929, page 426; Note by Mr. BourRI&. 
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istics of the boiler before and after al- 
terations. 


3. Tentative improvements in blast 
pipe arrangement and use of smoke de- 
flectors. — As far back as 1925, various 
tests have been carried out with a view 
to improving the variable clover leaf 
pattern blast pipe fitted on the 231-D en- 
gines. 


Experiments were carried out with 
large section exhaust arrangements, 


nozzles and chimneys of large diameter 
with mobile parts of various shapes 
(amongst them a four-ported crossbar 
type) and sometimes with petticoats. 
The favourable results which were ob- 
tained could not, however, be usefully 
applied as the decreased counterpres- 
sure, which was one of the results aim- 
ed at, had the effect of lowering the 
throw of the smoke to a most undesir- 
able degree. 

It was not until 1930 when smoke de- 
flectors appeared that the study of im- 
proved blast pipe design on the 231-D 
was taken up again, and this was the 
start of the conversion of the P. L. M. 
Pacific engines to 231-G, 231-H and 
231-K classes. 

The smoke deflectors, on account of 
the undoubtedly increased safety which 
they provide, were fitted from the start 
to all P. L. M. Pacific engines, including 
the 231-D class. 


B. — Results of trials. 


A 231-D locomotive, to which all the 
modifications mentioned had been ap- 
plied, was subjected to constant-speed 
trials on the line. 

The resulls obtained are summarised 


below 
(a) Power of the locomotive (figures 
4 and 5). 


The maximum power, defined as the 
sustained tractive effort over 100 km. 
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(62 miles) an hour (1) was as shown in 
table 4 hereafter (2). 


Table 4. 
Hourly | Cut-off Indicated E fective 
speed. (iS at A Noone aa ee een gal 
| | horse-power. 
| | 


| 100 km. 45 2067 | 1 567 
(62 mites). | | 


| 120 km, | 40 Uh ay) aT 
| (7a males )—| 
| 


Hes bal Al 


Indicator diagrams are shown in fi- 
gure 6. 


(b) Temperature of the steam (high 
pressure steam chests). — From 353° to 
380° C. (667 to 716° F.) according to 
running conditions. 


(c) Combustion and draught. — The 


(85 lb. per sq. 


ft.) per 


hour. 


359 


The cor- 


responding draught was 130 mm. (5.12 


in.) of water for 400 gr. 


(Cea Moy sq], e's) 


of counterpressure in the cylinders. 


(d) Evaporative power of the boiler. 


- The 


calculated capacity for evapora- 


tion did not exceed 70 ker./m? (14.3 Ib. 
per sq. foot) per hour. 


(e) Consumption and overall efficien- 
cy (see Table 5). 


Il]. 231-G LOCOMOTIVES. 


The 231-G locomotives (figs. 
represent the first type of modern Paci- 
fic engine used by the P. L. 


were 


directly 
from which they 


8 and 9) 


M. They 


derived from the 231-D, 


differed essentially on- 


ly by reason of the improvements made 
in the blast and in the low-pressure cy- 
linders. 

All the 231-D locomotives of the P.L.M. 


are 


to be progressively 


converted to 


combustion did not exceed 415 kgr./m?  231-G class. 
Table 5. 
| | Consumption per | Consumption per Cora 
House Sie indicated horse- | effective horse- iiicienes 
es Poe Peo | =. power hous, power eur, : 
speed. | paler | Cae ae oe ia sats ea 
| | | water. cont water, | eeoail indicated. leffective. | 
| ie P.)|(HLP.)| ker. (1b.)| ker. (lb.)|ker. (1b.) | ker. (1b.) 
988 | 1 507 | 0.76 | 6.440 0.890 8.490 Hd) 0.09 0.06 
| 4.18 96 8.7 2.58 
| 100 km. : | | (14.19) | (1.96) | (18 rd) (2.58) 
(62 miles), 2.150 |) 1600 | 0.74 | 6.170 0.860 8.300 0) 0.09 0.07 
ab | | (£8.60).| (1.89) -\\ C1829) \ (2: 208) 
Nee TA OK y53 7.190 + 0.980 | 10.990 1.500 0.08 0.05 
| Seve) (216 24.22 Beas 
120 km. | (15.85) | (2.16) | (24 ) (3.31) ; 
(75 miles) }2 000 | 1300 | 0.65 | 6.910 0.970 10.630 1.490 0.08 0.05 
| (15.22) | (2.14) | (23.43) | (8.28) 
(1) 100 km. (62 miles) is the distance hetween Laroche and Laumes, wlhereon the con- 


stant-speed trials were carried out. 


(2) It should be noted that the power absorbed to haul the original 231-D locomotive 


and its 30 m3 (6 600 Br. gall.) tender was found to equal 


an hour, and 700 H.p. at 120 km. (75 miles) an he 


the altered 231-D locomotives the power absorbed was about 600 HP. 


500 H.P. 


yur, whereas in all 


at 100 km. 
subsequent tests of 
at 100 km. 


(62 


niles) 


an hour 


and 800 HP. at 120 km. It appears likely that this anomaly is due to an indicator dia- 


gram error. 
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Various devices were successively 
compared with the original clover-leaf 


1. Improvements in blast pipe design. pattern exhaust 
— (a) Trials of enlarged single blast pi- — large-diameter chimney and _ blast 


pes: pipe; 


A. — Special modifications in the 231-G class. 


Pan | 


} catia 


4 


1500 L_ 
- 80 99 400 410 4120 130 80 90 
Legend 
231-D loe, 
es 231-G loe. 
—— 231-H loc. 
Mig. 4. — Indicated horse-power of 231-D, TPIS (3), Horse-power at tender drawbar, on 
231-G and 231-H locomotives. the level, of 231-D, 231-G and 231-H loco- 
motives. 


Note : Puissance indiquée en ch. = indicated horse-power. — Vitesse = speed. 
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Train of 19-5-32, 
Hp cut-off 40 %, speed 120 km./h. 


14,760 HP 
4,060 
4,560 BP Aira 

0,400 0,490 
|Front face.| Rear face.| Total. 
Horse-power, hp cyls. .| 583 | 689 |4 222 
Horse-power, Ip eyls. .| 324 405 | 729 
Total horse-power. . . 4 951 


Horse-power hp cyls. 


= = 0.626 
Horse-power hp + Ip eyls. ai 


Fig. 6, 
— variable exhaust nozzles with 
three ports (clover leaf), four ports 


(crossbars), and six ports; 


— exhausts without petticoats, with 
one, and with two petticoats; 

The trials showed that a considerable 
improvement could be obtained by pro- 
viding an exhaust with the following ar- 
rangements 

— large-section passages for steam 
and combustion gases; 

— variable part made up of a four- 
ported nozzle so as to increase the area 
of contact between gases and steam; 

— petticoat to even out the combus- 
tion of coal on the grate. 


By using a chimney of 500 mm. 
(19 11/16 in.) diameter at the choke, in- 
stead of 356 mm. (14 in.), and a nozzle 
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Train of 20-5-32 
Hp cut-off 45 %, speed 100 km./h. 


15, 
= HP 4.330 
3.870 __ 3,510 
4,060 BP 140 
0,510 0,570 
Front face.| Rear face.| Total. 
Horse-power, hp cyls. .| 592 643 |1 235 
Horse-power, Ip cyls. .| 386 446 §32 
Total horse-power. 2 067 


Horse-power hp cyls. 


= == O50 


Horse-power hp + Ip cyls. 


— Indicator diagrams, 231-D locomotives. 


giving a steam passage section of 260-—— 
—172 cm? (40.3—26.7 sq. in.) (+) instead 
of 181—120 cm? (28.1—18.6 sq. in.) as 
with the clover-leaf type, it has been 
found possible, for equal draught, to re- 
duce by 50 % the counterpressure in the 
cylinders; in practice, a drop of 102 mm. 
(4 in.) in the smokebox was obtained, 
in place of 40 mm. (1.57 in.) with the 
original clover-leaf design (fig. 10); a 
slight increase in indicated and actual 
horse-power and a slight decrease in 
coal and water consumption were also 
noted. 


Considerable improvement had there- 
fore been made in blast pipe design. The 
solution adopted, however, gave an in- 
creased diameter of the exhaust pipe 
which presented the drawback of ob- 
structing the smoke box transversely, 


(1) The two values show, firstly the section of the exhaust open, and secondly the sec- 


tion of the exhaust closed. 
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1500 120 Ko /h_| 


Apri 193 


[ 


900 1000100 1200 1300 1400 1500 1600 


0,800 


1700 ©=61800 «= 1900 2000 = 2100 


2400 2505: 


2200 2300 


13,000 


6,000 
900 1000 = 1900 1200 «1300 = 1400) {506 = 1600 


1700 = 1800-1908 


2000 2400 2200 2300 2400 2500 


Legend 
= ZBillell hoe, 


231-G loc. 


me 231-H loc. 


— Coal and water consumption of 231-D, 231-G and 231-H locomotives 


(per tender D.B.H.P.-hour). 


HiO" mie 
Note : 


and to obviate this the double blast pipe 
arrangement was adopted, an arrange- 
ment which allowed the passage areas to 
be increased, at the same time retaining 
the normal width of the exhaust pipes. 

(b) Trials and adoption of the P.L.M. 
double blast pipe. 

The splitting of the P. L. M. single 
exhaust was done without any difficulty 


Charbon, eu kg. = coal, in kgr. — Eau, en litres = water, 
au crochet en ch. 


in litres. — Puissance 


> ID ays Lay deve 


and the P. L. M. double type exhaust, 
with crossbars and petticoats (fig. 11) 
was designed, the features of the arran- 
gement being shown in fig. 12. 

This type of exhaust has been adopted 
for all P. L. M. locomotives which are 
to be converted or modified. 


On the 231-G locomotives, the chim- 
neys have a diameter at the choke of 
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if i Tansee 


Fig. 8. 


330 mm. (13 in.) and with 100 gr. (1.42 
Ib./sq. in.) counterpressure in the cy- 
linders, the double blast pipe gives 120 
mm. (4.72 in.) draught, or an increase of 
18 % compared with the single blast 
pipe with enlarged chimney and 200 % 
compared with the original blast pipe 
(fig. 10). 


2. Enlarged steam passages in the low- 
pressure cylinders. — At the time that 
attempts were being made to improve 
the exhaust, the design of the low-pres- 
sure cylinders was being modified so as 
to facilitate the passage of the steam. 
The steam passage was provided -with a 
progressive section. allowing all the 
ports to receive and pass the steam; the 
increase in the steam passage was about 
£05 %o' 

The new low-pressure cylinders gave 
an increased power which, in the case 
of a locomotive provided with single 
blast pipe and enlarged chimney (1) was 
about 100 u.P. at 100 km. (62 miles) an 
hour. 


3. Improved lubrication. — The 231-G 
locomotives, being more powerful than 
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— 231-G locomotive. 


the 231-D, work a heavier service and 
it has been found necessary to substi- 
tute the sight-feed lubricator of the 
231-D by a mechanical lubricator on the 
231-G. 

The mechanical lubricator fitted to 
the 231-G engines is of the F. S. C. type 
with two chambers of 18 litres (4 Br. 
gall.) total capacity and 16 feeds; 


— one chamber for superheater oil : 


four feeds to the high-pressure cy- 
linders; 


four feeds to 
steam chests; 


the high-pressure 
two feeds to the low-pressure steam 
chests; 
— one chamber for motion lubrica- 
ting oil; 
six feeds for the bearings of the 
three driving axles. 


4. Superheater headers with separate 
chambers. — Subsequently to the trials 
described below, it was decided to pro- 
vide a steam collector with separate 
chambers, in place of the single header. 


5. Reduction in weight of piston val- 


(1) Double blast pipes have not been tried on a Pacific locomotive fitted with the ori- 
ginal type of cylinders, and it has not, therefore, been possible to give details of the 
advantages to be gained from using the new low-pressure cylinders on a locomotive fitted 


with the double blast pipe. 
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200 220 240 260 


Fig. 10. — Comparative characteristic curves 
of P. L. M. blast pipes. 


Explanation of French terms: 


Dépression... = vacuum in smokebox, in millim, of 
water, — Echappement double... = P.L.M. (XI-A) 
type double blast pipe. — Hchappement simple... = 
P.L.M. (X-A) cross-bar type single blast pipe. — 
Echappement d’origine... = original clover-leaf 
type (I) blast pipe. 


ves. — The P. L. M. has found it possi- 
ble to secure a considerable reduction 
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in the weight of the piston valves on the 
Pacific locomotives by a modification 
in design, derived from the shape of the 
piston valves used by the Reichsbahn. 
Figure 13 shews the form of lightened 
piston valves adopted, the weight of 
which gives a reduction of more than 
40 % for the high-pressure, and more 
than 30 % for the low-pressure piston 
valves. 


ll. — P. L. M. double blast pipe with 
eross-bars and petticoats. 


Fig. 


Other « composite » types of piston 
valve have been tried having a still low- 
er weight. They are composed of two 
plates welded on a central steel-plate 
tube, the ends of the plates being pro- 
vided with a cast-iron head in the form 
of a sleeve. Grooves are provided in 
the head to accommodate the rings. 

The following table gives the weight 


APRIL 1939 


reductions obtained with the different 
types on a 4-6-2 locomotive : 


Weight of piston 15 Mey Iie 
valves : [Gears (Poli Asi ag lfny) 
Ordinary type. . 68 (150) 96 (212) 
Reichsbahn type . 38 (83.8) 60.5 (133.3) 
Composite type. . 32 (70.5) 56 (123.4) 


6. Improved starting. — Up to the pre- 
sent Pacific locomotives had been start- 
ed by introducing into the receiver, at 
a pressure of 6 kgr./cm? (85 Ib./sq. in.), 
steam taken direct from the boiler. 

In order to use this afflux of steam’ 
more profitably, the receiver has been 
connected to the superheater header by 
a short, large-diameter tube operated by 
a special heavy-duty Cocard valve, and 
this has increased the starting pressure 
in the receiver from 6 to 10 kgr./em2 
(85 to 142 lb./sq. in.). 

In addition, the compressed air sand- 
ing gear has been replaced by steam 
sanding. 


B. — Results obtained in comparative trials 
of the 231-D and 231-G locomotives. 


(a) Power of the locomotives (figs. 4 
and 5). 

The maximum power, again defined 
as the sustained effort over 100 km. (62 
miles) were as shown in Table 6 hereaf- 
ETE, 


Table 6. 
Hourly Cut-off | indicated | Effective 
speed. HP, %. 
horse-power. 

100 kn. 55 2786 | yy WH 
(62 miles). 
120 km, 50 2 750 1 963 
(75 miles) 


On a short run (20 km. = 12.4 miles) 
the engine developed at 100 km. (62 
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miles) an hour, an indicated horse-po- 
wer of 2963, and an effective horse-po- 
wer of 2351 with 65 % cut-off. 

Further, an indicated horse-power of 
2385 and an effective horse-power of 
1755 at 100 km. an hour was obtained 
with 45 % cut-off to the high-pressure 
cylinders. 

Some indicator diagrams are shown 
in fig. 14. 

The application of a P. L. M. double 
blast pipe and new low-pressure cylin- 
ders to the 231-D engines gave the foll- 
owing results; 

— for equal characteristics the actual 


power was increased by 12 % at 100 km. 
an hour; 


— the maximum effective power was 
increased by 36 % at 100 km. an hour, 
and 63 % at 120 km. an hour. (In prac- 
tice the distances covered may have 
been increased by 10 %). 


— the increase in power is much 
greater at 120 km. (75 miles) than at 
100 km. (62 miles). (The improvement 
in the diagrams is therefore the greater 


the higher the speed). 


(b) Temperature of the steam (high- 
pressure steam chests). 

From 374° to 383° C. according to the 
running conditions. 

The temperature is therefore practic- 
ally the same as on the original engines. 


(c) Combustion and draught. 


The combustion reached 513 kgr./m? 
(105 Ib./sq. ft.) per hour on a trial at 
100 km., with 55 % cut-off. 


(d) Efficiency of the boiler. 


The calculated steaming power of the 
boiler reached 102 kgr./m?2 (20.9 lb./sq. 
ft.) per hour, shewing an increase of 
45 % over the original 4-6-2 engine. 
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(e) Consumption and overall efficiency (See Table 7). 


Table 7. 
ee ee ee 
Consumption per | Consumption per att 
Houcl Pp indicated horse- effective horse- wee 
. age le 127. ae power/hour. power/hour. 
speed. P; 
water coal water coal indicated| effective 
Pe ceca ea lL a cl lS i el all re ll, eo a ale bee el 
ker. (1b.) |kgr. (1b.) |kgr. (1b.) |kgr. (1b.) 
2150) 1600) 0.74 5.800 0.700 7.800 0.945 0.11 0.08 
(12.78) (1.54) (17.20) (2.08) 
QOL eee Ona: 5.590 0.680 7.600 0.930 0.11 0.08 
100 km (13-22) (1.50) (16.76) (2.05) 
(62 miles)\ 2 400 | 1800) 0.75 5.770 0.700 7.700 0.930 0.11 0.08 
(12.72) (1.54) (16.98) (2:05) 
2 600 | 2000} 0.77 6.070 0.740 7.900 0.960 0.10 0.08 
(13.88) (1.63) (17,42) (2.12) 
2000 | 1300] 0.65 6.240 0.760 9.600 1.180 0.10 0.07 
(13.76) (1.68) (21.16) (2.60) 
2 352 | 1639] 0.70 6.280 0.800 9.010 1.140 0.10 O20 vam 
120 km (13.84) (1.76) (19.86) (2:51) 
(75 miles)\ 2550} 1800] 0.71 6.280 0.810 8.900 1.140 0.09 0.07 
(13.84) (1.79) (19.62) (Zeal) 
ZOOM 2 OOONMORKS 6.350 0.850 8.730 1.170 0.09 0.07 
(14.00) (UH) (19.23) (2.58) 


The altered locomotive varied from the original as shown in Table 8 hereafter. 


Table 8. 


Variation in consumption in relation 
to the original locomotive 


Horse-power 


Hourly speed. per indicated per effective 
horse-power/hour. horse-power/hour, 
indicated.| effective. water. coal. water. coal, 
a a 
AS | 
100 km. (62 miles) | 2150 1600 | — 6 %) | 18.6 (i= 6 Mol Sasa, 
q . | 
120 km, (75 miles) | 2000 1300 | — 96 % | — 216 %| —9.6 % | — 207 % 
—$——S————————————— | 
Thus for equal power developed at — the fuel economy is very large, 
equal speed : reaching 18 % at 100 km. an hour and 


— the water economy is 6 % at 100 20 % at 120 km.; 
km. an hour, and 10 % at 120 km.; — the economy is greater at 120 km. 
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Fig. 13. — Reichsbahn type lightened piston. 


than at 100 km. an hour (the improve- 
ment in the diagrams is greater at 
higher speeds) ; 

— the fuel economy is greater than 
the water economy (the fitting of the 
new exhaust spreads the draught more 
evenly over the grate area and gives 
better combustion). 


IV. 231-H LOCOMOTIVES. 


The 231-H locomotives (figs. 15 and 
16) represent a second type of modern 
P. L. M. Pacifics. They differ from the 
231-G type by reason of the following 
modifications : 

— boiler pressure increased from 16 
to 20 kgr./em? (228 to 284 lb. per sq. 
iT.) 

— high pressure cylinders decreased 
in diameter, in accordance with the in- 
creased pressure; 

— use of a Dabeg economiser with 
mixed elements; 

— increased temperature of super- 
heat, consequent upon the increased 
pressure and the use of a mixed-element 
economiser; 

— increased power of the ACFI, RM 
type, feed water heater pump. 


The 231-H-141 locomotive, which was 
the prototype of the H class, is a con- 
verted D class engine (formerly 231-D- 
141); however it was decided that the 
other 231-H locomotives should be ob- 
tained by conversion of the oldest Pa- 
cifics, that is the E and B classes, with 
working pressures of 12 and 14 kgr./cm? 
(171 and 199 lb. per sq. in.) (see I, His- 
tory), the power of which has up to the 
present been obviously insufficient for a 
Pacific service. 


A, — Special modifications in the 231-H class. 


1. Increased boiler pressure. — The 
first trials ‘on the PR. LM: of boilers 
with pressures of 20 kgr./em? (284 Ib. 
per sq. in.) date from 1929. At that 
time the boiler of the 231-D-141 was 
strengthened to allow the pressure to be 
increased from 16 to 20 kgr./cm?, the 
steps taken being to increase the diame- 
ter of the stays, provide thicker shell 
rings, and strengthen the tube plate fitt- 
ings and the dome. 


2. Reduced diameter of the high-pres- 
sure cylinders. — In consequence of the 
raised boiler pressure, the diameter of 
the high-pressure cylinders was reduced 
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from 440 to 400 mm. (17 5/16 to 15 3/4 
in.). 

Theoretically, a diameter of 406 mm. 
(16 in.) should have been adopted, in 
accordance with the following equation: 

Gane Series \ 
a)-teP 
2 4 

—d, and d, being the diameters of 
the high-pressure cylinders, 

— P, and P,, the absolute steam pres- 
sures. 

3. Use of an economiser. — So as to 
improve the efficiency of the boiler the 
231-D-141 was fitted with a Dabeg eco- 
nomiser using mixed elements (fig. 17) 
fitted in series with the ACFI feed 
heater. 

The temperature of the feed water, 
which was only 95° C. (203° F.) at the 
outlet of the ACFI feed heater, was in- 
creased to 125° C. (257° F.) at the eco- 
nomiser outlet before entering the boi- 
ler, an increase of 30 %. 


4. Improved superheat. — The in- 
creased temperature of the superheat 
was necessary for two reasons : 

(a) Any increase in pressure must be 
accompanied by an increase in the su- 
perheat temperature, as well as a de- 
crease in the size of the high-pressure 
cylinders. An inspection of the entropy 
chart shows that when a pressure of 16 
kgr./cm? (228 lb. per sq. in.) is changed 
for a pressure of 20 kgr./cm? (284 lb. 
per sq. in.), the increase in temperature 
must be about 30° C. (54° F.). 


(b) the presence of water circulation, 
even preheated water, within the super- 
heater tubes gives rise to a cooling of 
the gases and a drop of about 30° C. in 
the superheat temperature. A further in- 
crease of superheat temperature was 
therefore necessary. 

A total increase of 60° C. (108° F.) in 
superheat temperature is, therefore, ne- 
cessary. 

This result was obtained by the foll- 
owing alterations : 


(a) Substitution of a single super- 
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heater header by a header with separate 
chambers. 

(6B) Replacement of 135 x 143 mm. 
(5 5/16” x 5 19/32”) superheater tu- 
bes by 141 x 150 mm. (5 35/64” x 6”) 
tubes; 

(y) Substitution of Schmidt type su- 
perheater elements by the Superheater 
Company’s 5 P 4 elements which can be 
fitted alongside the economiser ele- 
ments, and are composed of four out- 
wweueel iM) S< PEE inmian, (Gyfe se ale) 
Serve tubes, and one 28 x 35 mm. 
(1 1/8”. x 1 3/8”) return tube, joined 
by a forged spear-head (fig. 18). 

(8) Spear-head of the 5 P 4 elements 
brought to within 350 mm. (13 3/4 in.) 
of the firebox tube plate, instead of 450 
mm. (17 11/16 in.) as in the case of the 
Schmidt elements on the 231-D class. 


5. Increased power of the ACFI feed 
pump. — Owing to the increased steam- 
ing power of the engine and the drop in 
supplementary load, due to the presence 
of the economiser, it has been necessary 
to replace the original type 254/203/203 
ACFI feed pump, of 19.5 m® (688 cu. ft.) 
maximum capacity (stroke 260 mm = 
= ill) iA) Tim),  loyy eh TEN GATE 
325/235/235 ACFI pump, of 37 m?® (1 306 
Clie ji.) CappRciiyy (ZE0) imtvai, = 8) 1 /AlG eb. 
stroke). 


B. — Results obtained on trials and 
comparison of the 231-H and 231-D classes. 


1. Road tests. — (a) Power of the lo- 
comotives (fig. 4 and 5). 

The maximum sustained power re- 
corded with the 231-H-141 in the course 
of trials on the road, on a 100-km. (62 
miles) run is given in Table 9 hereafter. 


Table 9. 
Hourly Cut-off |Indicated| Drawbar 
speed, HBP, ec inh Je, 
100 km. 55 3 078 2 482 
(62 miles). 
120 km. 50 3 216 2 393 
(75 miles) 


| 
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Fig. 14. — Indicat 
Train A-707 of 12-3-34. 


Train A-707 of 15-3-34. 
Hp cut-off 45 %, speed 98.8 km./h. 


Hp cut-off 50 %, speed 98 km./h. 


15,840 HP 14,940 15,840 HP 14,760 
3,030 190 3,510 330 
3,040 BE 3,300 Seed) se ge te 
0,170 Saas 0,250 0,190 
Front face.| Rear face.) Total. Front face.| Rear face.| Total. 
Horse-power, hp cyls. .}| 708 | ‘757 |41 465 Horse-power, hp cyls. .| 708 | ‘774 |4 482 
Horse-power, Ip cyls. .| 478 | 442 | 920 Horse-power, Ip cyls. .| 545 | 587 |4 052 
Total horse-power. . . 2 385 Total horse-power. : 2 534 
Horse-power hp cyls. ee Horse-power hp cyls. SHyee 
Horse-power hp + Ip cyls. Horse-power hp + Ip cyls. 
Train A-707 of 16-3-34. Train A-710 of 16-3-34. 
Hp cut-off 55 %, speed 98.9 km./h. Hp cut-off 60 %, speed 99 km./h. 
\4 760 HP on peta HP 13,650 
3,580 3,390 3,860 3,620 
3,570 _ BP 3,960 3770 BP 4,150 
0 0,400 0,440 0,410 


Front face.) Rear face.| Total. 


Front face { Rear face.| Total. 
Horse-power, hp cyls. .}| 785 | 856 |1 641 Horse-power, hp cyls. .| 846 | 900 |4 746 
Horse-power, Ip cyls. .| 570 | 575 |4 145 Horse-power, lp cyls. .| 577] 563 |4 140 
Total horse-power. 2 7186 Total horse-power. 2 886 

Horse-power hp cyls. 


= 0.589 ses SINE VOVETE EDGY esaae 


Horse-power hp + Ip eyls. Horse-power hp + Ip eyls. = 0.605 
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ns, 231-G locomotives. 


Train A-710 of 16-3-34. 
Hp cut-off 65 %, speed 99.4 km./h. 


14,040 
H P 13,470 
3,860 3,760 
4,750 
3,830 BP 
0,630 0.480 


Front face.| Rear face.| ota). 
Horse-power, hp cyls. .| 859 | 908 |4 767 
Horse-power, Ip cyls. .| 592 | 604 |4 196 


Total horse-power. . . | 2 963 


Horse-power hp cyls. 
: 0.596 


Hlorse-power hp + Ip eyls. 7? 


Train A-709 of 21-83-34. 
Hp cut-off 50 %, speed 118.5 km./h. 


44,350 H p 14,690 
3,230 3,140 
BP 
_ 3,800 
3,440 


0,34 0,290 


Front face.|Rear face. | Total. 


Horse-power, hp cyls. .| 769 | 844 |1 613 
Horse-power, Ip cyls. .| 543 594 |1 137 
Total horse-power. . . 2 750 


Elorse-pawer liprevis: 
orse-power hp cy = 0.587 


Horse-power hp + Ip eyls. 


14,760 


Pears £ 


3,250 


Train 
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A-709 of 20-3-34. 
Hp cut-off 45 %, speed 117.8 km./h. 


= HP A $4,940 
ee | 
< # 
Ye 
Paes 
~~ Ze ee 
- - ee eh) 
BP 
3,490 


0,290 0,300 
Front face.|Front face.| Total. 
Horse-power, hp cyls. .| 694 774 |1 465 
Elorse-power, Ip cyls. .| 467 529) | 996 
Total horse-power. 2 461 

Horse-power hp cyls. ee 

0.595 


Horse-power hp + Ip cyls. ‘; 


Train 


A-710 of 20-3-34, 


Hp cut-off 55 %, speed 119 km./h. 


12,920__ 


3,150 


HP 


(Rear face missing.) 
Note : 


HP = high pressure. 
BP = low pressure, 


13,110 


2,780 


_ 3,590 
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Fic. 15. — Engine 231-H-141 at the exhibition held in June, 1937, in Paris, on the 
, si occasion of the International Railway Congress. 


Compared with the 231-G, the increase 
in power, with equal cut-offs, is 16 % 
at 100 km. per hour, and 21 % at 120 
km. 

Compared with the original 231-D en- 
gine, the maximum sustained power is 
increased by 58 % at 100 km. an hour, 
and 87 % at 120 km. 

Moreover, the 231-H has developed at 
100 km. over a distance of 20 km. (12.4 
miles) an 1.H.P. of 3321 and a D.B.H.P. 
of 2700 at 60 % cut-off. 

Some indicator diagrams are repro- 
duced in fig. 19. 


(b) Temperature of ihe feed water. 


The temperature of the water at the 
economiser outlet reached 125° C. (257° 
F.), whilst the temperature of the water 
at the ACFI feed heater outlet was 95° 
(C5 (PANS 19). 


(c) Temperature of the superheated 
steam. 

The temperature of the superheated 
steam in the steam chests was 400°. 


(d) Consumption and efficiency. 


Fig. 17. — Dabee economiser with mixed / : 
elements. With a D.B.H.P. of 2200 at 100 km. 


ena Uae P 


Y 


Fig. 18. — 5 P 4 superheater element (mounted with an economiser element). 
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(62 miles) an hour, the consumption per 
horse-power/hour was 0.970 kgr. (2.13 
lo) ri CORI, eine! 7k esi. (ie) Wo))) <oie 
water. 

With a p.p.u.p. of 2000 at 120 km. 
(75 miles) an hour, the consumption per 
horse-power/hour was 1.1 kgr. (2.42 lb.) 
of coal and 7.8 kgr. (17.2 lb.) of water. 

Figure 20 shows the total indicated 
and effective horse-powers of the 231-H- 
141 locomotive. 


2. Trials on the Vitry test plant. — 
The 231-H-141 engine was, in Juli 1936, 
subjected to power and consumption 
tests on the Vitry plant. 

It was found possible, during a long 
duration test, to sustain 3 000 u.P. at the 
wheel tread at speeds of 100 and 120 km 
per hour. Table 10 below sums up the 
results obtained. 

On the other hand, during a power 
test, the locomotive 231-H-141, at a speed 
of 117 km. (72.7 miles) an hour and 
50 % cut-off to the high-pressure cylin- 
ders, developed 3120 H.p. at the wheel 
tread. 

That this figure is slightly higher than 
the one obtained during the long-dura- 
tion trial is due to the fact that during 
the power trial, which was very short, 
the exhaust remained in notch 3, whilst 
in the consumption trial the exhaust had 
to be closed to notch 8. 
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Train 145-D of 11-10-34. 
Hp cut-off 50 %; speed 99.6 km./h. 
19200 HP 19,000 
3,000 — 3,750 
BP 
3,690_ 
110 
0,190 9,260 
Front face.| Rear face.) Total. 
Horse-power, hp cyls. .| 818 819 |1 687 
Horse-power, Ip cyls. .| 450 | 545 | 995 
Total horse-power. . . 2 632 
Horse-power hp cyls. Le goes 


Horse-power hp + Ip eyls. 


Train 145-D of 16-10-34. 
Hp cut-off 50 %, speed 98.9 km./h. 


HP 
19,250. 49,109 
37750 959 
BP 
4,03 
3,570 
0,510 0,430 


Front face.|Rear face. | Total. 


Horse-power, hp cyls. .} 955 | 944 |4 899 
Horse-power, Ip cyls. .| 557 | 622 |4 179 
Total horse-power. . . 3 078 
Horse-power hp cyls. 
p ae = 0.617 


Horse-power hp -+ Ip eyls. -_ 
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Fig, 19. — Indicator d 


Train 145-D of 13-10-34. 
Hp cut-off 45 %, speed 99.2 km./h. 


HP 


18,650 _ 18,750 


3,600. 600 


BP 
3,87 
3,230 
0,430 0,440 
Front {ace.} Rear face.| Total. 
Horse-power, hp cyls. .| 898 | 884 |4 782 
Horse-power, Ip cyls. .| 542 587 |1 099 
Total horse-power. . . 2 884 
Horse-power hp cyls. Zig 


Horse-power hp + Ip eyls. 


Train 144-D of 13-10-34, 
Hp cut-off 60 %, speed 99.3 km./h, 


HP 
19,190 18,759 
3,550 400 
BP 
4,300 
90 
0,510 0,500 


ee ee 


Front face.) Rear,face.| Total. 


Horse-power, hp cyls. . |4 009 |4 009 |2 018 


Horse-power, lp cyls. .| 632] 674 |4 303 
Total horse-power. . . 3 321 
Horse-power hp cyls. 
: aS = 0.608 


Horse-power hp + Ip eyls. 


Aprit 1939 


APRIL 1939 BULLETIN OF THE INT. RatLway ConcrEssS ASSOCIATION 379 


, 231-H locomotives. 


Train 147-D of 19-10-34. Train 147-D of 20-10-34. 
Hp cut-off 45 %, speed 118.6 km./h. Hp cut-off 50 %, speed 117.8 km./h. 
HP 
19,050 


Mangue face ariéme aa ree oe 


— 4,400 


BP BP 


Zz re at aR a ee 3,670 


0,36 ee 0389 0,360_< 0,490 
Front face.| Rear face.| Total. Front face.| Rear face.| Total. 
Horse-power, hp cyls. .| 922 Horse-power, hp cyls. .|4 000 |4 027 |2 027 
Horse-power, Ip cyls. .| 487 | 579 |4 066 Horse-power, lp cyls. .| 5386 | 653 |4 189 
Total horse-power. . . 3 2416 


Horse-power hp cyls. 
ee 0030 
Horse-power hp + Ip eyls. 


Train 144-D of 19-10-34. 
Hp cut-off 55 %, speed 117.1 km./h. 


HP 
18,900_ 10,600 


3,65 750 


BP 


3,960 780 


0,470_ 0,580 


Front face.| Rear face.| Total. 
Horse-power, Ip cyls. . |4 060 |1 064 |2 124 
Horse-power, hp cyls. .| 539 | 686 |1 475 


Total horse-power. . . 3 299 
Horse-power hp cyls. 


Se Se 
Horse-power hp + Ip cyls. 


VI—5 
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Table 10. 
a a 
Hor Consumption 
Cut-off, | Exhaust Time eee per H.P./hour 
Hourly speed. HP eyl.,| closed to test A inal at the wheel tread 
% notch : | lasted. ad 


100 km. (62 miles). 50 7 


3 and 8 


120 km. (75 miles). 58 


a 


1h. 30m. 


4h. 44 m. 


coal. 
3 032 0.881 ker. 5.78 ker. 
(1.940 1b.) (12.74 1b.) 
0.898 ker. 5.94 ker. 
(1.960 1b.) 


2 924 


V. 231-K LOCOMOTIVES. 


The K class engines are a third type 
of modern Pacific locomotive operated 
by the P. L. M. They are the former 
231-C class which were converted to 
231-G; the original release type revers- 
ing gear has, however, been retained 
(see I, History), partly in order to keep 
the conversion cost down to a minimum, 
but principally to allow complete inde- 
pendence of the HP and LP valve gears, 
if necessary. 

A trial of the latter arrangement is at 
present being carried out on a 231-K lo- 
comotive. 

The advantage of independent valve 
gear is the more marked the less the lo- 
comotives are developing their full po- 
wer. When an engine with conjugated 


valve gear, such as the 231-G or 231-H, 
has to haul a light train at high speed on 
an easy gradient, it is not possible to 
raise the running speed as much as 
would be desirable, since the high-pres- 
sure steam admission would be exces- 
sively reduced (1); in catering for the 
low power required, therefore, it is ne- 
cessary partially to throttle at the regul- 
ator, which lowers the efficiency of the 
engine. 

Whilst conjugated valve gear is there- 
fore subject to this drawback, it does, 
on the other hand, offer the advantage 
of simplicity. 

Trials being carried out with the 
231-G and 231-K class engines, which 
differ only in the control of the steam 
distribution, should permit of a definite 


012 


1900 2000 2100 2200 2300 2400 2500 2700 2800 2900 3000 3100 3200 
Ch. ef Ch.Ind 
Fig. 20. — Total efficiency (actual and indicated) of 231-H locomotives 


(1) On the P. L. M. Pacifics with conjugated valve gear it is not practically possible 
to sustain a speed of 120 km. per hour with a high-pressure cut-off of less than 40 % 
(equivalent to a low pressure cut-off of 52 %). On the other hand, with the 231-K 
having completely independent valve gear, a speed of 120 km. per hour can be maintained 
with 20 % high-pressure cut-off and 50 % low-pressure cut-off. 
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opinion being formed on this very con- 
troversial question. 

Another thing, the P. L. M. have been 
questioning whether it would not be 
possible to improve starting to a greater 
extent (see III. A. 6) by adopting, in 
spite of the resultant complication, an 
arrangement for separating the high and 
low-pressure groups at the steam take- 
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ation, as great an increase in efficiency 
as possible. 

Three series of locomotives, the 231-G, 
231-H and 231-K, are called upon to re- 
place the four existing classes, 231-B, 
231-C, 231-D and 231-E. 

The new locomotives, which are four- 
cylinder compounds with piston valves 
and P. L. M. variable type double -blast 


offs. Trials are being envisaged which pipe, differ only on the points shown in 
should show if it is necessary again to table 11. 
Table 11. 
== 231-G. 231-H. 231-K. 
Boiler pressure . 16 ker./em?. 20 ker./em2. 16 kegr./em2. 
(228 1b./sq. imn.). (284 1b./sq. in.) (228 1b./sq. in.). 
Diameter of high-pressure 
cylinders fe sie 440 mm. (17 5/16”) 400 mm. (15 3/4”) 440 mm. (17 5/16”) 


128 tubes, 51 X 55 mm.|122 tubes, 51 X 55 mm./128 tubes, 51 X 55 mm. 
(2 WHE Se AGUS YP <2 TAY SPINS TOR SREY GE”) 


Tube arrangement . 3 
26 tubes, 135 K 143 mm.}26 tubes, 141 & 150 mm.!26 tubes, 135 X 143 mm. 


(5 5/16” X 5 9/382) 
Type of 


superheater 
ments . Pee 


ele- 
. Ordinary Schmidt. 


Type of valve gear. Conjugated. 


Type of feed water heater. |Exhaust steam 


(3 35/64” X 6”) 


(5 5/16” X 5 9/32”) 


(ACFI)./Exhaust steam 


5 P «4. 


Conjugated. 


Ordinary Schmidt. 


Independent high- and 
low-pressure with low 
pressure set at 63 %. 


(ACFI),|Exhaust steam (ACFI). 


ae 


and combustion gases 
(DABEHG). 


sacrifice efficiency in order to maintain 
simplicity. 


VI. TRIAL OF POPPET VALVES. 


In conclusion, mention must also be 
made of a trial being undertaken on the 
231-K class of Dabeg poppet valves, with 
oscillating cams. 


VII. SUMMARY. 


The foregoing notes show that the 
P. L. M. Pacific locomotives are being 
progressively modernised, with the idea 
of obtaining af a minimum of expense, 
and therefore with a minimum of alter- 


The 231-H and 231-K can sustain : 

— at 100 km. (62 miles) p. h., 2 800 
LH.P., and 2150 D.B.H.P.; 
ane JIA) ikem, (7/6) ailles)) jo Io, 2A VAX 
I.H.P., and 2 000 D.B.H.P. 

The 231-H can sustain : 

gate 00st pa bes LO0nt a. Peal 
2500 D.B.H.P. 

rat 120ekm,, .p. U..o 200, CHP... al 
2 400 D.B.H.P. 

Owing to these modifications, there- 
fore, it may be said that it has been 
found possible greatly to increase the 
tractive capabilities of the P. L. M. Paci- 
fic locomotives. 


[ 624. 45 | 


Increasing the adhesive weight of railcars, 
by Dipl.-Ing. J. L. KOFFMANN, Ware, Herts (England). 


Owing to the rapid development of 
diesel. railcars, both designers and ope- 
rators have been faced with several new 
problems, particular to this type of 
vehicle. The ultimate goal of railcar 
adoption being low first cost and main- 
tenance expenses, coupled with utmost 
simplicity and dependability in service, 
it was only natural that mechanical 
transmission made considerable head- 
way during recent years, and is now 
widely used with engines up to 500 HP. 
While as high a rate of acceleration as 
possible must be achieved to gain the ad- 
vantages offered by railcar operation, 
and while furthermore the power/weight 
ratio has been steadily increased up to 
the present 10 to 12 B.H.p. per ton of tare 
weight, the problem of available adhesive 
weight is of utmost importance. 

In accordance with modern investig- 
ations (+), the coefficient of friction be- 
tween dry rail and wheel at starting is 


900 


wherein f is in per cent of the adhesive 
weight, and V the car speed in km. per 
hour, the same formula being 


B65 
P26 


f E2116 


for V in m.p.h., these values being re- 
duced to 0.7 with wet rails. 

The problem dealt with is best exam- 
plified by the following typical example. 


(1) Dr, H. Koruer : « Fahrzeitermittlung 
und Bestimmung der Beanspruchung der Fahr- 
motoren und des Transformators elektrischer 
Triebfahrzeuge », Hlektrische Bahnen, Decem- 
ber 1938, page 305. 


A railcar with a tare weight of 25 tons is 
to be powered by a type ADV. 120 four- 
cylinder two-stroke opposed-piston en- 
gine, manufactured by the Compagnie 
Lilloise de Moteurs, and developing 250 
B.H.P. at 1500 r.p.m., while the trans- 
mission is of the Mylius air-operated pre- 
selective five-speed type, the gear ratios 
being 3.68, 2.15, 1.42, 1 and 0:738 to 1. 
The wheel diameter is 2’ 9 1/2”, and asa 
maximum speed of 77 m.p.h. is required, 
the gear ratio of the axle drive is 2.47 tol. 
Due to losses in the transmission as well 
as due to power required for the auxi- 
liary drives, it is assumed that 85 % of 
the engine output is available for tractive 
purposes at the wheel rim. The engine 
is mounted in the driving bogie, the rear 
axle of which is driven; the axle load 
being 8 tons. 


As shown by Fig. 1, the tractive effort 
available at the first and second gears is 
in excess of the limits imposed by adhe- 
sion, whilst with wet rails, the wheels 
would slip on the first, second and third 
gears as well. In plotting the adhesion 
limit curves, neither the additional load- 
ing or unloading of the driving wheels 
due to the torque arm reaction, nor the 
vertical component of the drawbar pull 
when hauling trailers, or pushing them, 
respectively, have been taken into ac- 
count. The possible skidding of the 
driving wheels when starting, however, 
limits the rate of acceleration, and con- 
sequently to some extent the value of the 
power output available. A solution can 
be found in employing a double-end 
transmission, driving both axles through 
bevel gears, but this solution, besides 
being expensive in first cost and main- 
tenance, sometimes cannot be adopted 
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TRAcTIVE EFFORT (4 LB, 


40 50 60 70 80 


CAR SPEED IN MPA, 


Fig. 1. 


due to limitations of the bogie wheel- 
base. 

An improvement at negligible costs 
can be achieved by employing a vertical 
air cylinder placed in the car body, 
above the driving axle. When admitting 
air into this cylinder an additional por- 
tion of the car weight will be transferred 
to the driving axle, thus raising the 
adhesion limit, and consequently the 
available tractive effort. In accordance 
with Fig. 2, the pressure P in the air 
cylinder would unload the bolsters of 
the driving and trailing bogies by the 
amount 


respectively, while the four car axles 
will be loaded or unloaded by the 


amount : 
056 
pee == 0.5.Lp 
b 
0.56 
Thephiaees Overy eryh 
b 
L; = 0.5 Ly 
Ly, = (5) 1G; 
respectively. 
Coming back to our example, the 


250-B.H.P. car with single axle drive, a 
driving bogie wheelbase of 10.5 feet, 
bolster centres at 36.75 feet, employing 
a standard 12” brake cylinder placed at 
a distance of 6.56 feet from the bogie 
centre, which, with an air pressure of 
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AIR CYLINDER 


V2, be, 


70 lb. per square inch, develops a vertical push of 2.4 tons, we obtain : 


36.75 — 6.56 
a 1.97 T 
Lp ‘ 36.75 
6.56 
Ca ae 
her el ebaeie 
ieee 0.5 
Wig gg Or OS AES Be oT ele 
105 
[=< 
ey es Memn deca ey are 
10.5 
T= 0.5 0a OE 


L,=0.5 x — 0.43 = 


The increase in adhesive weight in this 
particular instance,. therefore; amounts 
to more than 20 %, the results thus 
achieved being shown in Fig. 1. As an 
increased adhesive weight is of import- 
ance on the first three gears, the applic- 
ation of the air cylinder can be left to 
the discretion of the driver by providing 
an operating push-button at the driver’s 


— 0.215 T. 


stand, or can be applied automatically 
by admitting air via an electromagnetic 
valve energised when applying the gears 
concerned. Thus, the arrangement des- 
cribed offers a simple and inexpensive 
solution of raising the limits of adhesion 
with railcars when multi-axle drive is 
not desired, owing to financial or con- 
structional restrictions. 


[ 624. 4 (44) ] 


The new producer-gas railcars of the French 


National Railways Company, 
by Mr. Henry MARTIN, 


Ingénieur des Arts et Manufactures. 


(Le Génie Civil.) 


The use of producer gas for feeding 
the internal combustion engines of mo- 
tor vehicles has increased greatly during 
recent years because of the large econo- 
my in working resulting from the em- 
ployment of a gas-producer for wood or 
charcoal. In practice, a consumption of 
100 Ib. of charcoal corresponds to a 
consumption of 8 Br. gallons of petrol; 
the relative costs are 35 fr. and 116 fr., 
respectively, showing a saving of 70 % 
in favour of charcoal. 

The French Railways have, therefore, 
been induced to consider fuelling rail- 
cars with producer gas. Problems of 
weight have made the use of charcoal 
preferable to that of wood in the gas- 
producers. 

The best charcoals come from select- 
ed woods such as oak, hornbeam, beech 
or ash, preferably barked. The simple 
process of stacks for the production of 
charcoal in forests has given place to 
automatic sectional furnaces, which gi- 
ve a better output and do not require 
specialised labour. 

For railcars, the use of charcoal form- 
ed by the carbonisation of old sleepers 
from relaid lines is specially indicated. 
Sleepers, which are generally of hard, 
creosoted woods, free from waste and 
completely barked, when withdrawn 
from the permanent-way, provide the 
most suitable material for the produc- 
tion of an excellent charcoal. Railway 
managements have large stocks of them, 
the tonnage replaced annually on the 
French systems reaching 300 000 tons. 


Carbonisation of sleepers in fixed fur- 
naces was developed by M. Guillaume, 
Engineer of the Est Railways, who gave 
the name of « Geka » to the charcoal 
thus obtained. This charcoal is enriched 
by the presence of hydrocarbons pro- 
duced by the distillation of the creosote 
remaining in the sleeper after about 
thirty years’ service. The calorific va- 


lue is about 8000 cal./kgr. (14 400 
B.T.U./lb.), the total carbon content 
reaches 92-93 %, the ash content 


is reduced to 2.4 % and the resistance 
to crushing amounts to 20 kgr./em? (284 
illo), josie SOR iis). 

We have already described, in Le Ge- 
nie Civil of 9 May, 1936 and 7 August, 
1937, the first railcars with charcoal 
gas producers, put into service by the 
former State and Est Systems. The oper- 
ating results with these vehicles having 
been regarded as encouraging, the 
French National Railways Company or- 
dered from Messrs. de Dietrich a series 
of three railcars with charcoal gas pro- 
ducers (fig. 1 and 7), of which the first 
two have been put into service in the 
Western Area (former State System). 

These new vehicles, which benefit 
from the experience gained in working 
the two above-mentioned railcars, each 
comprise a body carried by bogies. 


Body. 


Thee body is 22-00) me (ion tt.ol tetite) 
long and has (figs. 2 to 5) a driver’s ca- 
bin at each end, two vestibules, a third 
class compartment with accommodation 
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Fig. 1. — New de Dietrich railear with charcoal-gas producer, 
French National Railways Company. — Loading fuel through the roof. 


22585 


Cenérateur_. 


A, moteur, 
botte de vitesses; 


IS ponts moteurs; 
= 

aanne gilli =] chaudiére pour le 
———— J 


chauffage central. 


Wig. 2 to 5. — Elevation, cross section and horizontal sections of railear. 
Note. — A, engine. — B, gearbox. — C, transmission gear to axles, 
Trémie de 2 m3 de capacité = 70.6 cu, ft. capacity hopper. — Fourgon a b 
— Bogie moteur (porteur) = driving (carrying) bogie, — Epurateurs = 


— D, boiler for central heating, 
agages = luggage compartment. 


= purifiers, — Refroidisseur = 
cooler. 
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for fifty-four passengers sitting and for- 
ty-six standing, a lavatory and a luggage 
compartment capable of holding 1 000 
kgr. (2200 lb.). The car is heated by 
hot water from an independent boiler of 
welded plates, Dietrich system. 

The body rests on two bogies, of 
which the driving one has a wheelbase 
of 3.90 m. (12 ft. 9 1/4 in.) and the car- 
rying one a wheelbase of only 3 m. (9 ft. 
10 1/8 in.). The wheels, of the mono- 
block type, are of chrome-molybdenum 


steel. The brake is of the Westinghouse 
self-regulating type. The total weight of 
the railear is 32 t.- (31.5 Engl. tons) 
empty, and 42 t. (41.3 Engl. tons) 
loaded. 


Gas-producer. 


The Panhard type gas-producer, with 
inverted combustion and without a 
nozzle, comprises three sections : the 
generator, which is placed in a vertical 
position towards the middle of the ve- 
hicle, the cooler, and the purifiers, 
which are situated under the body. 

The generator is composed of two 
parts : the body and the hopper. The 
body, in which combustion takes place, 
is formed by two concentric shells. The 
internal shell is lined with carborundum 
fire-bricks, which are practically in- 
destructible; the ashes are eliminated by 
means of an oscillating grate. 

The hopper, which is placed above 
the body, has a capacity of 2 m® (70.6 
cu. ft.) and will hold 500 kgr. (1 100 1b.) 
of charcoal. Loading is accomplished 
through the roof with the aid of a mobi- 
le ladder. A deflector with a central 
aperture distributes the fuel to the re- 
quired part of the firebox. 

The air necessary for combustion is 
drawn in by the deflector and circulates 
about the charcoal feeding cone. This 
air has come in through the inlet of the 
ignition fan and has first circulated in 
the space between the refractory firebox 
and the outer wall of the gas-producer, 
which is thereby cooled. 

To the hopper is fixed the starter (a 
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jet, for starting and slow running) 
which is connected with the exterior by 
a pipe, closed by a non-return flap valve 
which prevents the flames being blown 
back. 

The body of the generator protrudes 
beneath the floor of the car, with the 
result that the grate and gas outlet to 
the cooler as well as the grate and ash- 
pan inspection covers are rendered ac- 
cessible from the outside by means of 
doors set in the side of the car. 

The cooler, which reduces the temper- 
ature of the gas to about 100° C., (212° 
F.) is formed by a horizontal bank of 
40 x 50 mm. (1 9/16 in. x 2 in.) tubes 
welded into two collectors. The input 
collector is connected to the generator 
by a large elbow and the output collec- 
tor has two tubes from which two pipes 
lead into the purifiers. 

The purifiers, six in number, are ar- 
ranged in two groups of three in alumi- 
nium cases and function entirely dry. 
The gas passes through cotton cloths 
stretched on metal frames. The cloths 
are of a very fine texture and are kept 
in place by wire gauze elements. Woolly 
material is placed between the cloth 
and the wire gauze to prevent the two 
surfaces coming into contact with each 
other. 

Before leaving each purifier, the gas 
passes through a safety-filter of very 
fine wire gauze, fastened between two 
coarser gauzes. This filter will only all- 
ow perfectly clean gas to pass; it would 
choke immediately if this condition 
were not fulfilled and this would stop 
the engine. 

On leaving the purifiers, the gas goes 
to the engine through two pipes 90-95 
mm. (3 9/16 in. to 3 3/4 in.) in diame- 
ter. Before reaching the engine, it pas- 
ses through a mixer placed on the lat- 
ter. This mixer mainly comprises a tube 
with two branches, one of which carries 
the gas and the other air; it automatic- 
ally supplies the gas coming from the 
producer with the quantity of air suffi- 
cient to form the explosive mixture. 
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Engine. 


The valveless engine is of Panhard de- 
sign, and has twelve 140 mm. (5 1/2 in.) 
bore < 160 mm. (6 5/16 in.) stroke V 
type cylinders, the swept volume thus 
being 29.5 litres. The compression fac- 
tor is 8 and the horse-power 280 at a 
speed of 1750 r.p.m. 

This engine is carried on the bogie 
with 3.90 m. (12 ft. 9 1/4 in.) wheel- 
base, and drives both axles through a 
gearbox with two output shafts. 


Gearbox. 


The gearbox is of the Mylius pre-se- 
lective type with gears always in mesh; 
it has five synchronised speeds and two 
output shafts. Force-feed lubrication is 
provided by means of a geared pump. 

The two output shafts are connected 
through a differential which automatic- 
ally counterbalances unevenness in the 
rolling paths of the two axles. 

The reversing gear is incorporated in 
the box in order to facilitate the chang- 
ing of the running direction and to 
lighten the construction of the transmis- 
sion to the axles. 

The clutch is of the plate type, the 
plates being moved by increasing the 
volume of an expanding box, one inner 
face of which is formed by a rubber 
diaphragm. 

Figure 6 gives a section through the 
gearbox which, for simplicity, shows 
the four shafts in the same plane. Ac- 
tually shafts I, If and III are in one hori- 
zontal plane, but the output shaft IV is 
situated below this plane. 

The input shaft M, driven by the en- 
gine passes through the box to drive the 
clutch which drives the coaxial primary 
shaft I. 

In one direction of travel, the drive is 
transmitted through primary shaft I, in- 
termediate shaft If and output shaft IV. 

In the other direction of travel, the 
drive is transmitted through primary 
shaft I, intermediate shafts II and III 
and output shaft TV. 
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In both directions of travel, the gear 
ratios are as follows 


gi, aOal wo ily 

aides 1 Go. Lom: 

o0d, 1.82) to 1s 

yim, 41 Ko). al. 

4thiel3 1 tonk: 

Reversing, declutching and synchron- 
isation are performed by the action of 
compressed air, letting in the clutch and 
engaging speeds by the release of 
springs E and V. 

Selection of speeds is controlled by a 
lever which turns shaft A and, through 
bevel gears C, the selector shaft S. 


AIP COMPPIME ~—¢——————= 


A 
5 Boite de sélection 
vase L N 
P. S— SH == 
Sead 
fre J, 
DUE G ie 
fie y. 
M wnsazy Tr TVILOSSE Ses S™ vitesse —, 
LLL GILL LSA. 
I ae if ° 
2 vitesse 3” vitesse E 
==> 
- 7 Embrayage , 

p Ma, vitesse 

eal 

= 
lV, Z 

4ip_comprimeé a. | Air comprimé 
as —_— 

tnverseur de marche 
Fig. 6. — Diagrammatic section 
of gearbox. 

Note. — Air comprimé = compressed air, — Ire 
(2me, etc.) vitesse = Ist (2nd, etc.) speed. — 
Embrayage = clutch. — Pompe a huile = oil pump. 
— Engrenages... = gears constantly in mesh, — 


Inverseur de marche = reversing gear. 
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Fig. 7. — Full-length view of de Dietrich railear with charcoal-gas producer. 


Engagement of speeds is facilitated by 
cone clutches which cause dogs of slid- 
ing gears and shafts to run at the same 
speed before the teeth engage. 

Passage from one speed to another is 
made by a double movement of the slid- 
ing gears; first a movement to the right, 
bringing the clutch cone of the sliding 
gear for the selected speed into contact 
with a neighbouring clutch cone keyed 
to the shaft, which synchronises the 
speeds of sliding gear and shaft; then a 
movement to the left, which results in 
the dogs of the sliding gear engaging the 
corresponding dogs of the driving shaft. 

Movement of sliding gears is controll- 
ed by forks F on rods T, which are 
shifted to the right by compressed air 
for synchronisation, them to the left by 
the spring V, for engagement. 

Three operations have to be perform- 
ed by the driver 

1. Selection of new speed, 

2. Declutching and synchronisation, 

3. Engaging new speed and letting in 
clutch. 


Selection of the new speed is done by 
placing the speed-selection lever oppo- 
site the number of the chosen speed. This 
movement is transmitted to the selector 
shaft S, which rotates until the finger D 
in the springbox L comes opposite the 
catch I of the rod T controlling the new 
speed. 


Declutching and synchronisation are 


performed by rapidly opening the com- 
pressed air control valve. The air reach- 
es the rubber diaphragm of the expand- 
ing box W for operating the clutch. The 
pressure in this box increases and, 
through a thrust ball-bearing, compres- 
ses the springs of the main clutch, 
which is thus disengaged. 

At the same time, the compressed air 
acts on the piston P of the selection box 
and moves the selector shaft S to the 
right. In this movement, the rocking le- 
ver B brings the rod controlling the 
previous speed to the rest position; the 
dogs of the sliding gear for this speed 
disengage, and the finger D of the 
springbox L draws to the right the rod 
T controlling the new speed, until the 
synchronising cones are in mesh. 


Engaging the new speed and letting in 
the clutch are brought about by rapidly 
opening the air valve in order to open 
to the atmosphere the air pipe feeding 
the expanding box W and the selection 
box. This releases the pressure on the 
clutch diaphragm and on the piston P. 

The selector shaft S then commences 
its movement to the left under the action 
of the spring V, and the finger G of the 
box N bears on the catch J of the rod T 
controlling the new speed; it draws to 
the left the sliding gear for this speed 
in engaging the dogs; the speed is then 
engaged. 

When the pressure on the clutch rub- 
ber diaphragm falls sufficiently, the 
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springs bear progressively on the clutch 
plates. This lets in the clutch. 


Performance. 


The maximum speed is 120 km. (75 
miles) an hour. The speed of 118 km. 
(73.3 miles) an hour can be maintained 
on the level, and that of 87 km. (54 mi- 
les) on 1 in 100 gradients. 

The average consumption of charcoal 
under full load is 0.410 kgr. (0.9 1b.) 
per H.P.-hour, corresponding to 1 kgr./ 
km., or 3.55 lb. per mile, giving the rail- 
car a range of 500 km. (311 miles). 

The fuel used can be either « Geka », 
produced by the carbonisation of old 
railway sleepers, or ordinary charcoal. 

The total time taken to light up the 
gas-producer, including the fanning pe- 
riod, is ten to fifteen minutes. To per- 
mit of movement in depots without 
lighting up the gas-producer, a small 
tank and carburettor have been fitted 


for petrol feed. 
* 


* * 
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The use of producer-gas railcars is 
not contemplated for long runs at high 
speeds, such as Paris-Lyons, Paris- 
Vichy, Paris-Le Havre, which are per- 
formed at present by powerful petrol- 
or oil-driven railcars. On the other 
hand, they can be of great service on 
less important runs with many stops. 
They are naturally very suitable for use 
in the numerous forest regions of Fran- 
ce, especially the South-Western Depart- 
ments. 


The putting into service of producer- 
gas railcars is still too recent to make 
the preparation of accurate cost data re- 
lating to maintenance and depreciation 
possible. In fact, the oldest railcar with 
gas-producer has only run 40000 km. 
(25 000 miles) to date. Nevertheless, re- 
sults obtained with stationary producer- 
gas engines lead to the belief that the 
life of producer-gas engines is no short- 
er than that of similar petrol engines. 


[ G86. 257 (.948) ] 


Double-wire signalling, Victorian Government Railways. 


(The Railway Gazette.) 


Double-wire transmissions for points 
and signals were first introduced on the 
Victorian Government Railways in 1926, 
but found little use until 1934, when 
much experimental work was carried 
out and further installations brought 
into service. Several improvements 
were made in the equipment, and si- 
gnals are now being operated easily at 
distances up to 1500 yards, and points 
up to 850 yards. Novel and interesting 
features are included in the new equip- 
ment, designed to overcome the disad- 
vantages of that previously used. 

With the earlier types of signal mech- 
anism, a clear signal was liable to be 
improperly displayed in the event of the 


return wire breaking. The new mech- 
anism was designed to overcome this 
by the use of a disengaging clutch mech- 
anism illustrated in fig. 1. The new type 
of point machine simplified the layout 
of the equipment and increased the ef- 
ficiency of operation, maintenance 
being considerably facilitated; new im- 
proved methods of mechanical detection 
were also adopted, the designs being 
suitable for both double- and_ single- 
wire working and having distinct advan- 
tages over the hatchet and slide types 
now widely used. These improvements, 
which have been patented, were design- 
ed by Mr. F. W. Harvey, Assistant En- 
gineer, Signal and Telegraph Division. 
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Fig. la. 


Signal mechanism, 


The signal mechanism is of the cam 
plate type and consists essentially of 
two elements, a grooved pulley wheel A 
(fig. 1, a, b, and c) and a circular cam 
plate B; these are capable of indepen- 
dent rotation about a common axis C, 
but can be coupled together by a releas- 
able clutch mechanism D and E&. They 
rotate in unison during normal opera- 
tion, but are automatically uncoupled 
should the return wire break. The 
clutch arm D, located in the rim of the 
pulley A and pivoted at F, carries a rol- 
ler G engaging under tension with a 
projection £ on cam plate B. 

The pull wire is connected to the 
clutch arm D at H and passes round the 
pulley; A and B are mounted on base 
plate J, movement being imparted to the 
signal through the crank K, one arm of 
which is connected to the signal down 
rod, while the other engages with the 
cam path on B. The crank K is also 
mounted on the base plate. If a wire 


BULLETIN OF THE INT, RatLway Concress ASSOCIATION 


Down fod 


Cr Line of 


Poult off 
Wire 


REVERSE POSITION 


NORMAL POSIT/OH 


Fig. 1b. 


Fig. le. 


breakage causes the pulley to rotate, dis- 
engagement of the clutch arm D with the 
projection & occurs owing to release of 
tension in the wire. If the signal is at 
« danger », the cam plate remains nor- 
mal and maintains it so, but if the signal 
is at « clear » the balance weight ZL re- 
turns it to danger. The clutch arm D is 
kept in training on its pivot by a limited 
degree of radial movement each time the 
signal is operated. Roller G is normally 
set out of engagement with the notch R, 
as shown at M; the projection Q on the 
wheel holds the cam plate projection N 
against the stop O on the base plate. In 
normal operation idle movement of the 
pulley occurs until roller G engages in 
notch R, but on the signal being return- 
ed to danger it lifts out of the notch and 
assumes its normal setting. 

In the event of the wheel becoming 
uncoupled from the cam through any 
cause other than a broken wire, the 
clutch is re-engaged by operating the 
hand lever from reverse to normal when 
the roller G rises over the ramp P to as- 
sume its normal setting. 

The projection Q is provided to en- 
gage with the projection E on the cam 
plate, and prevent the cam being held in 
the reverse position when the wheel is 
operated to the normal. 
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Point mechanism, 


This was designed to facilitate ready 
inspection, adjustment and maintenance, 
and reduce to a minimum the idle travel 
in the transmission between the with- 
drawal of the plunger and the move- 
ment of the point blades. Simplification 
of associated mechanisms and connec- 
tions is also obtained. 


Figs. 2a and b give a plan view with 
cover removed, and a central transverse 
section of the motion wheel, shown in 
its central position with operating rol- 
The case is 


lers engaged with the cam. 
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OPERATING LOCKBAR 
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of cast iron, fitted with a sheet steel 
cover. Motion wheel B carries on its 
upper face a pair of concentrically- 
aligned rollers C, which engage with the 
cam slot D in one end of the crank arm 
FE, itself divided as shown at F, its two 
sections being connected at G by a shear 
pin H to avoid damage to the mech- 
anism should the points be run through. 
Inspection and maintenance are readily 
effected without removing the motion 
wheel or disturbing the transmission 
wires. The reduction in idle travel was 
obtained by using a pair of rollers and 
suitably shaped cam, instead of the one 
roller generally used with this type of 
movement. 

Wheel B has a double groove in its 
rim, groove J being used when points 
and lock bar are operated by a single 
lever, and motion transmitted through a 
chain to wheel K (figs. 3a and b), 
which in turn operates the lock bar and 
plunger, usually by means of connecting 
rods and cranks. In an alternative ar- 
rangement a motion wheel M, fig. 2c, 
may be used in place of the crank to 
control and operate the lock bar. Move- 
ment of the latter is then effected by 
chain drive from wheel K, its rim hay- 
ing a second groove for the purpose. 
Adjustment of lock bar travel is provid- 
ed for by an adjustable eccentric stud L. 

When a lock bar is operated by a se- 
parate lever, the transmission wires are 
connected directly to wheel K. 


PLUNGER WHEEL FOR 
Ith Roo Le] OPERATING 
ee Cc) LOCKBAR & 
a \ CHAIN PLUNGER 
Easy 
oe W. POINT CRANK ie 
[ACHINE 
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Mechanical detectors. 


To overcome detection difficulties in 
double-wire transmissions due to tem- 
perature variations, new designs of de- 
tector have been prepared to suit vary- 
ing conditions. Type 1 (fig. 4a) con- 
sists of two pulley wheels coupled 
together in the same manner as the pul- 
ley and cam plate of the signal mech- 
anism, and mounted vertically on a base 
through which the detector blades from 
the points pass transversely. Pulley A 


il 
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E Adjustable Detecting Snib 
A 


TYPE 3. 


Fig. 4e. 


is similar to pulley A of the signal mech- 
anism, but B is a grooved wheel, with a 
detecting snib C cast on its inner edge. 

Type 2 (fig. 4b) consists of a pulley 
wheel G having two grooves H, carry- 
ing a detecting snib A, capable of ad- 
justment around the wheel for varying 
clearance B. The snib is held in posi- 
tion by plate C, which has serrations D 
engaging with others, #, on the snib 
face. Slotted holes F allow of circular 
movement on the wheel. 

Type 3 (fig. 4c) is a modification of 
type 2, and has a snib solid with the 
wheel. 

Conditions vary according to whether : 
(a) The signal is a long distance outside 
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the points; or (b) the signal is close to 
the points. 

In case of (a) temperature variations 
may alter the adjustment of the detector 
so that the points become locked. This 
is overcome by dividing the double-wire 
signal transmission at the points, so 
that the compensator does not act on the 
portion between the points and the 
signal. A dividing wheel similar to 
Type 1 detector, with the exception that 
the detecting snib is omitted, is placed 
close to, and on the lever side of, the 
detector. Type 3 detector is then used, 
connected as shown in fig. 5a. Alterna- 
tively, the dividing wheel may be com- 
bined with the detector as a complete 
unit. Type 1 detector is so designed, 
and applied as in fig. 5b. The disengag- 
ing clutch mechanisms on the dividing 
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wheel and detector are provided to en- 
sure a danger signal being exhibited 
should a wire breakage occur between 
the lever and detector, or lever and di- 
viding wheel. Types 2 and 3 are also 
used when the signal lead is not divided 
(fig. 5c), while type 2 can be used, 
within limits, when the signal is placed 
some distance outside the points and the 
lead is undivided. By increasing clear- 
ance at B some movement may be im- 
parted to the detector without locking 
the points, its amount being governed 
by the normal idle travel in the signal 
mechanism. The clearance will be a 
maximum at low temperature, but must 
not be sufficient to permit of the signal 
being moved if the points are not pro- 
perly set. 


[ 62. (01 (.73) & 724. 4 (.73) ] 


Building above steam operation presents problems. 


(Railway Age.) . 


Experience at large post office over tracks at Chicago Union Station shows the 
destructive effect of smoke and gases on materials and equipment. 


That the removal of large volumes of 
locomotive smoke and gases from con- 
fined areas presents a difficult problem, 
from the standpoint of both the mecha- 
nical exhausting equipment and the ef- 
fect of the smoke and gases on metals 
and concrete, has seldom been demon- 
strated more conclusively than at the 
United States Post Office building which 
extends over the tracks at the Union Sta- 
tion in Chicago. Here the smoke and ga- 
ses from as many as 2000 train move- 
ments a day are collected in a chamber 
above the tracks and then carried to the 
roof of the building through exhaust 
stacks. In this installation approximate- 
ly four years of service had brought 
about the accumulation of approximate- 
ly 750 tons of cinders and soot sludge; 
unusually severe corrosion of the reput- 


edly corrosion-resistant metal floor han- 
gers and the exposed parts of the mech- 
anical exhaust equipment; and the de- 
terioration of much of the concrete fire- 
proofing of the structural members. 

In 1936, upon the discovery of these 
conditions, work was started to remedy 
them. In the work which followed, and 
which was completed only recently, all 
of the cinder and soot sludge was re- 
moved from the plenum chamber and 
6670 of the rod floor hangers were re- 
placed by specially protected rods of a 
less expensive character. In addition, a 
new multiple-pitched, water- and acid- 
proof floor was provided throughout the 
smoke chamber over an area of approxi- 
mately 163000 sq. ft., overhauled and 
increased in efficiency and capacity. 
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G2 Location of stacks at pent house level. eg 
&3 Location of stacks at plenum chamber level. 


Stack locations at the two levels coincide. 
Ge Fan locations. 


Fan Schedule 


Fan Capacity 
No. CFM. 


18-¢__ 70.000 
30-A 32.000 


'\Congress Chicago Union Station 
Street Company m 
(gee ic Ss eer 


Sketch plan of the Post Office building over the station tracks, showing the exhaust stack 
and fan locations. 


Original exhaust system was inadequate. 


The post office building, built in 1931 
and 1932, is a 12-story structure, 796 ft. 
long by 344 ft. wide, which les directly 
south of the Union Station building, 
length-wise over the 14 diverging tracks 
which enter this station from the south. 
In the arrangement provided for dispos- 
ing of the smoke and gases emitted be- 
neath the building, a plenum chamber 
was constructed continuously beneath 
the first floor level, with a 4-in. reinforc- 
ed concrete floor so located as to pro- 
vide a minimum clearance of 17 ft. 
above the top of rail. This chamber, in 
which the smoke from engine stacks is 
collected through longitudinal cast iron 
troughs directly above the tracks, is ex- 
hausted at the roof level of the building 
through eight exhaust stacks, located 
marginally along the sides of the build- 
ing. The chamber has a floor area of 
approximately five acres, and, owing to 
the irregularities in the level of the first 
floor above, and to the structural mem- 
bers which extend into it, has a honey- 
combed roof of limited height, which 
has seriously restricted the free move- 


IV—6 


ment of the smoke and gases to the ex- 
haust stacks. Of importance also in the 
matter of the rapid ventilation of the 
plenum chamber, is the fact that the 
exhaust stacks were located with greater 
regard to the saving of valuable floor 
space within the building than to the 
particular requirements of a most effec- 
tive exhaust system. 

Another feature of the original con- 
struction that proved to be unsatisfac- 
tory was that the floor of the plenum 
chamber was laid practically level, 
which did not permit ready run-off of 
condensation collected, even though a 
number of drainage outlets were provid- 
ed. Still other features in the design of 
the exhaust system which proved inade- 
quate were the capacity of the ventilat- 
ing equipment and the character of the 
steel used in the rods which support the 
floor of the plenum chamber. The ven- 
tilating equipment was designed appa- 
rently to take care of normal average 
conditions, but failed to take into consi- 
deration the rapid reduction in the effi- 
ciency of the equipment under the con- 
ditions imposed. The greatest care was 
exercised in the selection of the mate- 
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rial to be used in the plenum floor han- 
ger rods, both as regards its corrosion- 
resisting qualities and high tensile 
strength, but, under the conditions 
which prevailed within the chamber, 
the material selected, with a 14 per cent 
chromium content and a tensile strength 
of 98000 ft. per sq. in, offered little 
more resistance to corrosion than might 
be expected of ordinary steel under less 
severe conditions, and proved to have an 
ultimate tensile strength, after fabrica- 
tion, far below that which has been ex- 
pected. 


Condensation was troublesome. 


As a result of the conditions outlined, 
the smoke removal system has been far 
from satisfactory in operation. In the 
first place, the combination of the re- 
stricted and broken areas within the 
plenum chamber and the inadequate ca- 
pacity of the ventilating equipment did 
not permit freeing the track area of smo- 
ke as quickly and effectively as had 
been hoped for, especially on days of 
relatively low atmospheric pressures 
and high humidity. At the same time, 
the installation failed to create sufficient 
velocity of the smoke and gases in the 
plenum chamber, resulting in excessive 
condensation both within the chamber 
and on the under side of the chamber 
floor. As a result, large quantities of 
moisture accumulated within the cham- 
ber, where it combined with cinders 
and soot to form a heavy wet sludge, 
while that which precipitated on the un- 
der side of the chamber floor dropped 
to the track and platform levels to keep 
them wet almost constantly, presenting 
a condition which was particularly un- 
desirable during the winter, with the 
formation of ice which resulted. 

The floor of the plenum chamber was 
supported from the structural members 
of the floor above by approximately 
fourteen thousand 3/4-in. chromium- 
steel rods, which were screwed into cast 
iron inserts embedded in the concrete 
of the first floor and into special brack- 
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ets encased in the concrete of its own 
floor. Similar rods supported the cast 
iron smoke troughs above the tracks. 
These rods, according to laboratory tests 
before they were installed, showed a 
high degree of corrosion resistance and 
a factor of safety relative to the weight 
carried of approximately 20 to 1. 


Investigation disclosed serious conditions. 


The serious conditions existing as re- 
gards the smoke exhaust system were 
first brought to light during June, 1934, 
with the initial discovery of severe cor- 
rosion of a number of the exhaust fans. 
Detailed inspection of the conditions 
within the plenum chamber was at first 
impossible because of the accumulation 
of sludge within this area, which ranged 
from 6 to 16 in. in depth, covering the 
lower ends of the floor-supporting rods 
and completely choking the relatively 
few drainage outlets which had been 
provided. So far as the plenum chamber 
itself was concerned, therefore, the first 
problem was to remove the sludge ac- 
cumulation. Because of the quantity of 
material involved and the almost conti- 
nuous occupancy of many of the station 
tracks, this presented considerable dif- 
ficulty. However, a night crew was or- 
ganised for carrying out the work, and, 
between midnight and 8 a. m. over a 
period of several weeks, the sludge was 
shoveled through the openings of the 
smoke troughs directly into gondola- 
type cars below. 

As the sludge was removed and the 
bottom of the rods supporting the cham- 
ber floor were exposed, it was found 
that the corroded condition of these 
rods was generally more serious than 
had been anticipated. In some cases 
11 of the 12 rods supporting separate 
bays were entirely eaten off and the slab 
was being carried entirely by the 6-in. 
lip of the cast iron smoke trough. _ It 
was found further that many of the rods 
and rod clamps supporting the smoke 
troughs had corroded through, and that 
a considerable part of the concrete fire- 
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The Post Office building, 796 ft. long by 344 ft. wide, 
extends over 14 tracks. 
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proofing of the structural floor members 
within the chamber had been affected 
seriously due to one cause or another. 
Still another observation which caused 
concern was the fact that, in addition 
to the rods and clamps which had failed 
entirely because of corrosion, many of 
the rods and clamps were broken, even 
where there was sufficient cross section 
remaining to support the load imposed 
under normal conditions. 

Early during this preliminary inspec- 
tion it became evident that there was se- 
rious danger of large sections of the 
plenum chamber floor collapsing. There- 
fore, immediate steps were taken to pre- 
vent this. First, an emergency inspec- 
tion was made of the entire chamber; 
tracks were taken out of service, even 
during rush-hour periods, where neces- 
sary; and the floor slab and smoke 
troughs were supported where required 
by shoring until temporary supporting 
rods could be installed within the cham- 
ber. 

While this emergency work was under 
way, laboratory examinations were 
made to determine the specific causes of 
the failures of the chromium-content rods 
and brackets, particularly those failures 
which involved the breaking of the rods 
and brackets where there still appeared 
to be sufficient cross section to support 
the loads carried. These examinations 
showed the grain structure of the metal 
at the breaks to be highly crystallized, a 
condition which was determined to be 
the result of the heating of the rods dur- 
ing their fabrication to meet the pecu- 
liar installation requirements. Many of 
the specimens examined were found to 
have a tensile strength of only approxi- 
mately 26 000 lb. per sq. in., as compar- 
ed with their rated strength of 96 000 Ib. 
per sq. in. at the time of their installa- 
tion. 

As a result of the disclosures in these 
investigations, it was decided to change 
out all of the rods and brackets support- 
ing the smoke troughs, and every other 
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slab-supporting rod, regardless of its 
condition, in addition to all rods that 
had lost in excess of 25 per cent of their 
original cross-sectional area. This re- 
sulted in the necessity for changing out 
6670 rods, instead of approximately 
2000 as was anticipated originally. As 
a further result of the investigations, it 
was decided to use in replacement, 3/4- 
in. rods of S. A. E. x-1335 steel, which 
has a tensile strength of 80000 lb. per 
sq. in., and to protect these rods against 
corrosion by a special encasement. 

Several methods of replacing the old 
rods with the new ones were considered, 
but the method finally adopted was, 
first, to cut off the old rod about six in- 
ches above the floor slab; then to un- 
screw the upper section from the insert 
bracket in the ceiling; and then to drive 
the lower end down and completely out 
through the bottom of the floor slab. The 
new rods, with flat cast-iron plates on 
their lower ends, were inserted in the 
holes in the floor slab left by the re- 
moval of the old rods, and were screwed 
into the original inserts in the concrete 
slab above. Since all of the inserts had 
right-hand threads, the new cast iron 
plates at the bottoms of the rods were 
tapped with left-hand threads so that 
through turn-buckle action the proper 
tension could be put in each of the rods 
as installed. 

Before inserting the new rods, the end 
portions to be encased in the slabs at 
both top and bottom were given a pro- 
tective coating of mineral rubber com- 
pound, and, after installation, the holes 
in the concrete were filled completely 
with a fine cement grout. In replacing 
the trough-supporting rods, all of the 
beam clamps used previously were 
abandoned because of their crystallized 
condition, and the new rods were given 
a threaded connection into holes drilled 
in the structural floor members above. 

Simultaneously with the installation 
of the new hanger rods, consideration 
was given to the problem of protecting 
them against the severe corrosive con- 
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ditions which had so quickly and se- 
riously affected the original rods. The 
method finally adopted consisted of en- 
casing the rods throughout their length 
with a special plastic compound, held 
in place by means of wood pulp casings, 
similar to the fibre duct commonly used 
for underground cable installations, but 
split longitudinally into two halves for 
application purposes. The plastic com- 
pound employed consisted of 80 per 
cent Wurtzilite and 20 per cent Tung oil 
(Chinawood oil). 

Since one of the fundamental defects 
in the original design of the plenum 
chamber appeared to be the lack of 
pitch for drainage of the floor, and an 
insufficient number of drainage outlets, 
it was decided in the repair work to re- 
surface the entire chamber floor area 
with a water- and acid proof material, 
with a multiple-pitched surface to insure 
quick and complete drainage of the moi- 
sture that would be collected. After 
much experimentation, in which small 
sections of the floor area were covered 
with a wide variety of plastic mixtures, 
a material of the following mix was de- 
cided upon and was used over practic- 
ally the entire floor area : 


part Portland cement, 
parts emulsified asphalt, 
parts Waylite (coarse), 
parts Waylite (fine), 
parts Vermiculite. 


wwow 


This material, which weighed only 
62 1/2 lb. per cu. ft., had sufficient 
structural strength for foot traffic, and 
gave indication under test of being both 
waterproof and resistant to acid attack. 
All together, 152 970 sq. ft. of new floor 
surfacing was laid within the chamber, 
the material being applied to depths of 
1 to 9 in. in order to insure adequate 
drainage slopes. 

Determining the most effective and 
economical manner of applying the 
floor surfacing material presented al- 
most as much of a problem as the selec- 
tion of the material itself. Several me- 
thods of carrying out the work were 
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considered and tried out, but the me- 
thod adopted as the most practical and 
economical involved the use of a cement 
gun. Even this method, to be entirely 
satisfactory, required some adjustment 
from ordinary practice because of the 
tacky character of the material to be 
handled. 

The final arrangement of the placing 
equipment provided for the location of 
the aggregate mixing plant and the ce- 
ment gun, together with the liquid 
asphalt supply, in an area along one side 
of the track layout, and then forcing by 
air pressure the mixed dry aggregate 
and the asphalt through separate hose 
lines to the working area within the 
plenum chamber. Here, these materials 
were mixed within the cement gun 
nozzle as they were applied to the floor. 
In spite of the fact that the materials 
were conveyed distances up to 700 ft. by 
this method, no difficulties were en- 
countered, and it was possible to place 
an average of approximately 85 cu. yds. 
of the flooring material each eight hours 
of working time. 


Much concrete work repaired. 


Another important phase of the work 
required within the plenum chamber 
was to repair the concrete fireproofing 
which encased the structural members 
of the first floor of the building. This 
fireproofing was supposedly two inches 
thick and its original design called for 
adequate wire mesh reinforcing to in- 
sure its adherence to the steelwork. 

Inspection of the fireproofing showed 
a large percentage of it to be in a condi- 
tion that was far from satisfactory. At 
many of the beams and girders the fire- 
proofing actually sagged from the steel, 
while at hundreds of places, a hollow 
sound upon tapping indicated that there 
were air pockets between the concrete 
and the steelwork. At numerous places 
also, sections of the fireproofing had fal- 
len entirely away from the steelwork, 
exposing the structural members. One 
of the rather surprising aspects of con- 
dition of the fireproofing was that, ex- 
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cept in those areas directly above the 
smoke troughs, the concrete appeared to 
be little affected by the abrasive action 
of locomotive blast or by the acid con- 
ditions which existed within the cham- 
ners 

In view of the extent of the bulging 
fireproofing, it was considered advisable 
to repair only the worst conditions, 
leaving the remainder to be repaired as 
the situation may warrant in the future. 
In the work carried out, several methods 
were employed, depending upon the 
conditions found. On many of the beams 
where, because of the amount of the 
concrete involved, the sagging fireproof- 
ing appeared to be dangerous, it was 
drawn back tightly against the steelwork 
by means of tap bolts equipped with 
large cast iron button-type heads, which 
were turned up into holes drilled and 
threaded in the flanges of the members. 
At other points, where the fireproofing 
had fallen away completely, repairs 
were made by the Gunite method. 

Over those areas of the fireproofing 
directly above and adjoining the smoke 
troughs, where, in some locations the 
concrete had been worn away by ero- 
sion as much as one-quarter inch, re- 
pairs were made by the Guntex method. 
This involved first, the application of 
an emulsified asphalt prime coat by 
means of an air gun, and then the ap- 
plication of a finish coat consisting of 
80 per cent silica sand and 20 per cent 
emulsified asphalt, also by the air gun 
method. 

In the work on the concrete fireproof- 
ing, 19 acres of concrete ceiling, wall 
and beam surfaces were washed and 
cleaned; approximately 1500 patches 
were applied by the Gunite method; the 
reinforcing beneath the bottoms of 17 
beams or girders was entirely replaced; 
and approximately 111 900 sq. ft. of the 
fireproofing and ceiling areas was Gun- 
texed with asphalt compound. 


Additional drains provided. 
Other important items of work carried 
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out within the plenum chamber includ- 
ed the repair of the existing 27 floor 
drains and the installation of 157 new 
floor drains; the installation of 192 ad- 
ditional manhole openings in the ple- 
num chamber floor; and the installation 
of a supplementary chamber exhaust 
system near the center of the building 
to overcome a particularly severe con- 
dition of stagnation at this point. In 
addition to these changes and improve- 
ments, a system of high-pressure hot- 
water hose cleaning was installed within 
the chamber, whereby its entire interior 
can be flushed out periodically through 
the floor drains. 

The installation of the many addition- 
al drains in the plenum chamber floor 
raised the problem of protecting them 
against freezing during severe winter 
weather, to prevent the accumulation of 
soot sludge within the chamber and pos- 
sible damage to the drainage system. In 
solving this problem, gas-burning jets 
were installed at the lower ends of 72 
drains where it was known that the con- 
densation run-off would be the most 
continuous and severe. In addition also, 
especially in those areas subject to par- 
ticularly drafty conditions, the drain pi- 
pes were wrapped with wool felt jack- 
ets, whereby it is expected that consi- 
derable saving will be effected in the 
operation of the gas burners, restricting 
their use to periods of only the most 
severe weather. 


Ventilating capacity increased. 


Along with the extensive work requir- 
ed within the plenum chamber itself, 
was the problem of repairing and in- 
creasing the capacity of the ventilating 
equipment carrying the smoke and gases 
away from the chamber to the atmo- 
sphere at the roof level. The mechanic- 
al ventilating equipment provided ori- 
ginally included 15 rotary-type fan units 
with theoretical exhausting capacities 
ranging from 22500 cu. ft. per min. to 
84 000 cu. ft. per min., and with a com- 
bined capacity of 562000 cu. ft. per 
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min. It was obvious, however, that as a 
result of service, this equipment was not 
operating to anywhere near its rated ca- 
pacity, and had suffered severe deterior- 
ation from corrosion. 

To check the efficiency of the equip- 
ment, and, as a basis for improving the 
ventilating system as a whole, hundreds 
of air movement readings with anemo- 
meters were taken throughout the track 
level area beneath the building. In this 
work, 183 reading points were establish- 
ed, and the tests involved extended over 
a period of several weeks. During this 
period, all dead air areas were plotted, 
which provided a basis upon which to 
work out improvements in the exhaust 
system. It was largely as a result of this 
extensive study of draft conditions 
about the track area that two supple- 
mental exhaust arrangements were pro- 
vided, one near the center of the build- 
ing, as already mentioned, and a se- 
cond near one corner of the building, 
where use could be made of facilities 
provided in the original design of the 
building for exhausting the motor vehi- 
cle gases at a large tailboard area. 

In addition to these supplemental in- 
stallations, all of the existing ventilating 
equipment was completely overhauled 
and repaired, which increased its effi- 
ciency in some cases as much as 100 
per cent. At the same time, the ventilat- 
ing efficiency at several points was in- 
creased by the substitution of larger 
units, with the result that in the improy- 
ed ventilating system as a whole, there 
are now a total of 18 exhaust fans, with 
a total theoretical capacity of 737 000 
cu. ft. per min., as compared with an 
estimated working capacity of the ori- 
ginal units in their deteriorated condi- 
tion of only approximately 300000 cu. 
ft. per min. 

Along with the enlarging of the capa- 
city of the ventilating system, all of the 
rotors of the fan units were repaired 
and were given a shop coating of metal- 
lic lead. At the same time, all new metal 
ducts within the system were lead-lined, 
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as were also replacement sheets in the 
hoods over the exhaust shafts at the roof 
level. 


Work handled by Union Station Company. 


The extensive work described was 
carried out over a period of approxim- 
ately two years, and, as might be ex- 
pected under the conditions outlined, 
involved phases of work which were 
both difficult and hazardous. Especially 
during the early inspection and repair 
work, it was essential that every man be 
equipped with a gas mask. Later, a 
system of bulkheading was devised whe- 
reby working areas were cut off from 
the remainder of the plenum chamber 
and forced ventilation provided which 
permitted working without masks. Fresh 
air ventilation for the working areas 
vas provided by three electric-driven 
blowers, each with a capacity of 3 000 
cu. ft. per min., which were mounted on 
trucks at the platform level and connect- 
ed to the bulkheaded areas with Ventube 
flexible ducts. 

All of the work involved in repairing 
and enlarging the capacity of the smoke 
exhaust system was carried out at the 
expense of the Federal Government un- 
der its agreement with the Union Sta- 
tion Company for the provision and 
maintenance of an adequate smoke ex- 
haust system above the station tracks, 
and was done under the general super- 
vision of William A. Richardson, senior 
maintenance engineer of the United Sta- 
tes Treasury department. The actual 
work, however, was done under con- 
tract by the Chicago Union Station Com- 
pany, which acted as both engineering 
consultant and general contractor. The 
plans and specifications for the work 
were prepared under the direction of O. 
H. Frick, general manager and chief en- 
gineer of the Chicago Union Station Com- 
pany, and C. E. Cox, assistant chief en- 
gineer, while the actual work operations 
were carried out under the immediate 
supervision of William Landess, con- 
struction superintendent. 


[ 628. 17 (.73) ] 


MISCELLANEOUS INFORMATION. 


1. — The maintenance of line and surface to meet present-day 
operating requirements (‘). 


(Railway Engineering and Maintenance.) 


American railroad history is a record of con- 
tinuous achievement over more than a century, 
but progress in the last five years has proba- 
bly been more spectacular than during any 
similar period in the life of the industry. An 
outstanding development has been the increase 
in train speeds, which, while appealing to the 
travelling and shipping public alike, has mul- 
tiplied the problems confronting maintenance 
men. Freight trains are now scheduled almost 
twice as fast as they were prior to 1930, while 
passenger speed limits of 80 miles per hour 
with standard equipment and up to 100 miles 
per hour with special light weight equipment, 
have become rather commonplace. 

Operating requirements may vary from year 
to year but today, more than ever before, em- 
phasis is placed upon economically maintain- 
ing a railroad suitable for these higher speeds, 
with perfect safety. This aim is being realized, 
for in the face of declining revenues and dras- 
tically curtailed maintenance expenditures, 
faster trains are being run with a higher stan- 
dard of passenger comfort than ever previous- 
ly existed. 

The committee report delivered before this 
convention in 1936 on preparing and main- 
taining track for high speed operation, fully 
covered the details surrounding the half-dozen 
super-speed trains then in service. Since that 
time the number has increased many times, 
and such trains are now operating from one 
border of the country to another. Your com- 
mittee, in order to obtain data showing the in- 
fluence of these changes on track maintenance, 


(1) Committee report presented to the 53rd 
Annual Convention of Roadmasters and Main- 
tenance of Way Association (Chicago, Septem- 
ber, 1938). 


submitted a questionnaire to various associa- 
tion members, and received replies covering 
nearly 50000 miles of all classes of track. The 
information contained therein is presented in 
the belief that it reflects practices and me- 
thods in effect on a typical cross-section of 
our railroads today. 


Modern schedules—A factor. 


Consideration of certain factors directly in- 
fluencing maintenance may be appropriate 
here. It is conceded that the light-weight die- 
sel-powered trains and the specially designed 
high-speed locomotives have little adverse ef- 
fect on good track, at the 90 or 100 miles per 
hour speeds for which they are constructed. 
However, motive power built for the require- 
ments of years gone by is being called upon to 
move standard equipment, both passenger and 
freight, at speeds far above those for which 
designed. 

One 
speeds may cause track damage that will re- 
quire days or weeks to correct; hence, uniform 
and reasonable schedules that will permit re- 
covering a slight amount of lost time without 


such locomotive exceeding critical 


extreme bursts of speed are essential. 

Slow running is inevitable around termi- 
nals, but every permanent intermediate res- 
triction must be considered as a definite sour- 
ce of delay and studied with a view to its re- 
moval, or modification to permit the highest 
possible speed. Improvements that will per- 
mit raising several such restrictions five or 
ten miles per hour will frequently mean that 
an otherwise difficult schedule may be fulfill- 
ed with ease and comfort. Temporary slow or- 
ders on ballasting or construction work can 
be dispensed with, but if it is necessary to 
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close up during working hours for full speed, 
eang output may be reduced as much as one- 
third. The ideal schedule will provide some 
slight latitude for an occasional slow order, 
but these must be widely spaced and used 
with the utmost discretion. 

Restricting curves breaking up long stret- 
ches where continuous top speed would other- 
wise be possible, are being flattened as rapidly 
as finances will permit. Earlier methods of 
calculating the economic worth of curve re- 
duction are not always followed, as the intan- 
gible value of passenger comfort may be the 
deciding factor. Roads reporting comprehen- 
sive curve revision programs are reducing to 
the maximum degree which they feel can be 
elevated for unrestricted tangent speed, usual- 
ly about 90 miles per hour. Some roads main- 
tain that this means going to 1-degree curves, 
while others feel that a 1 deg. 30 min. maxi- 
mum is satisfactory. The type of equipment 
must be considered, as the light-weight trains 
with their lower centers of gravity and im- 
proved springing are comfortable on a given 
superelevation, where standard equipment at 
the same speed will produce a sense of crowd- 
ing, The latter is therefore often operated at 
speed limits five or ten miles per hour below 
those set up for the light-weight equipment. 

Grade conditions permitting, the amount of 
superelevation is governed by the degree of 
comfort desired, and certain standards tried 
out in 1935 have since been found inadequate. 
Roads at that time preparing for 90 miles 
per hour by placing 2 1/2 in. in 1-dee. curves, 
soon learned that this was insufficient, and 
after adding an inch, which produced the de- 
sired riding comfort at that speed, have dis- 
covered that the curves hold elevation 
and stay in line, much more uniformly than 
before. Elevating one degree curves 3 1/2 in. 
is now most common, while one large system 
reports using 4 in. in anticipation of 100 mi- 
les per hour speed, 


how 


A number of roads favor 
5 in. or 5 1/2 in. superelevation for 90 miles 
per hour on 1 deg. 30 min. curves and for 80 
miles per hour on 2 deg, curves. One railroad 
limits elevation to 3 1/2 in. on any curve, re- 
ducing speed accordingly; several use 5 in. 
and many 6 in. as the maximum permitted. 
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Easements. 


The belief that runoffs should be made at 
the rate of about 1 1/4 in. per second of rise 
is almost universal, and for the speeds men- 
tioned above will therefore vary from 320 to 
470 ft. in length for l-deg. curves, and up to 
560 ft. for 2-dee. curves elevated six in., ap- 
proximately the A.R.E.A. standard adopted 
in 1933. 


Full elevation must obtain at the point of 
full curvature, continuing uniformly around 
the simple curve. Almost equally important, 
the spiral should be as long as the runoff so 
that the relation between curvature and elev- 
ation will be exactly the same at every point 
on the spiral. Earlier methods of using short 
spirals to reduce track shifting and running 
part of the elevation out on tangent, are not 
conducive to smooth riding or easy mainten- 
ance, and the practice is discouraged. One- 
degree curves shorter than about 260 ft. be- 
tween spirals will not be entirely comfortable 
at 90 miles per hour, as the time interval be- 
tween elevation run-in and run-out will not 
permit the necessary body adjustment. Usual- 
ly these can be reduced to 30 or 45-min, cur- 
ves with little work at slight expense, and 
will then ride nicely. 


Alinement, 


String lining and the transit are each ad- 
vocated as being the proper medium for ob- 
taining the true curve alinement so necessary 
with high speed. Several forms of string lining 
are in favor, from those used by the alert fore- 
man for lining out the flat spots and pulling 
in the elbows, to the more intricate systems 
best utilized by the engineering corps, which 
provide a uniform curve and true spirals, at 
some increase in the amount of track work 
involved, A combination of transit and string 
methods is reported as being well suited to the 
rapid conditioning of an entire line for in- 
creased speed. Several roads use the transit 
only, setting permanent monuments at control 
points to aid in future restaking. Fast traffic 
distorts curve alinement, necessitating fre- 
quent checking, and the important thing is 
to have easily available some means of correc- 
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tion that is definitely superior to lining by 
eye alone. 

Greater refinement is fully as desirable on 
tangent as on curves. Tangent track only 
slightly out of line will be noticeable at 90 
miles per hour. Much out-of-face lining was 
done in preparation for fast schedules, and it 
is customary to set line stakes, or use a lin- 
ing instrument in connection with ballasting 
work. No routine job of smoothing track may 
be called complete, if small line irregularities 
are allowed to remain. 

Variations in gage are magnified as speed 
increases, and too much stress cannot be plac- 
ed upon laying rail to truly uniform gage, 
which the use of the mechanical adzers has 
simplified, and upon correcting any irregular 
gage in connection with ordinary maintenance 
work. One or two roads have laid rail to 
1/8-in. tight gage, in an effort to improve rid- 
ing conditions. In this connection, it may 
be mentioned that cylindrical tread wheels on 
high speed equipment tend to reduce the ob- 
jectionable whipping on tangents, which is 
sometimes present with cone treads. 


Improvements ior high speed. 


Few roads report greatly augmented pro- 
grams for replacement with heavy rail solely 
because of shortened schedules; yet nowhere 
is the effect of the stiffer rail section more 
apparent in improving riding qualities than 
under the very fast trains. A rather formi- 
dable mileage of 90-lb. rail remains in track 
carrying trains at 80 or 90 miles per hour, 
but it is being replaced with 112-lb. or hea- 
vier, as rapidly as the money is available. Spe- 
cial construction, such as continuously welded 
rail, special tie plates with hold-down devices, 
special joint plates and the like, all tend 
towards reduced maintenance, but their ultim- 
ate economy will be determined largely by 
local traffic conditions. 

Increased activity in improving worn joints 
is quite general, as chipped or battered rail 
ends and bent or worn bars, coupled with bal- 
last that is inclined to whip or puddle, must 
be corrected by welding and renewal with bars 
designed to compensate for rail wear, before 
suitable riding conditions can be obtained. 
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Minor sags or humps in the grade line, not 
objectionable a few years back, must now be 
smoothed out. Uniform cross level is essen- 
tial, and rigid insistence on the use of the le- 
vel board in spotting up, both on curve and 
tangent, is recommended. 

Increases in standards of depth of ballast 
section are reported, and widening of the bal- 
last shoulder on tangent and curve is shown 
to be rather general, as an aid to holding line 
and surface. Light ballast may call for re- 
placement with more stable material because 
of its tendency to whip out under high speeds. 
All reples show that mechanically tamped 
track is far superior to that put up by hand, 
and small portable spot tamping machines are 
growing in popularity for section use on hard 
ballast lines, being especially effective around 
high speed turnouts and crossings. Apparent- 
ly, new rail cannot be made to ride properly 
at 90 m.p.h. by any reasonable amount of 
spotting up, and surfacing should follow clo- 
sely behind the relay. 

There is still no substitute for good ties on 
any class of track, and roads which reduced 
standards slightly during depression years, 
soon found that tie conditions must be main- 
tained at a higher level for fast than for mo- 
derate speeds, regardless of economic cycles. 
To distribute the effects of high speed impact 
better, some roads have decreased their usual 
tie spacing slightly, or increased their stan- 
dard size from an eight to a nine inch top, 
and have adopted the 8 1/2-ft. length almost 
universally. Information from various sour- 
ces indicates that some decrease in tie life on 
curves may be expected as a result of faster 
traffic, possibly as much as ten percent, 

Subgrade stabilization is receiving attention 
wherever soft spots or mud squeezes are found 
under high speed track. Whether the cure is 
in the form of French drains, or tile or per- 
forated pipe lines, piling or poles driven along 
the shoulder, or mats or slabs placed below 
the ballast section, the result is a smooth rid- 
ing railroad, with a saving in labor that will 
soon refund the initial investment. 

Replacement of open deck bridges with bal- 
last decks has aided riding conditions by re- 
moving a source of troublesome maintenance 
at just so many bridge ends. 
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Maintenance force and expense, 


The refinements outlined above as being ne- 
cessary for present day operation, clearly 
mean increased maintenance. Last year a sub- 
committee of American Railway Engineering 
Association’s Committee on Economics of Rail- 
way Labor, estimated that this increase would 
amount to between 10 and 30 per cent, or 
more, depending upon traffic and the physical 
characteristics of the property. Unfortunately, 
actual cost figures are still indeterminate, and 
we can only submit that this estimate is con- 
firmed in replies to our questionnaire. 

It is true that reduced traffic everywhere 
has lessened track punishment, but the stu- 
dies of the A. R. E. A. committee show con- 
clusively that the decline in man-hours work- 
ed has more than kept pace with the decline 
in traffic. This apparent discrepancy between 
higher maintenance standards and lower 
maintenance force is due, in part, to the im- 
proved design, strength and quality of track 
materials installed recent years, in 
part to savings accruing from the widespread 
use of labor-saving equipment, and very lar- 
gely to economies resulting from more effi- 
cient organization for, and methods of, per- 
forming track work. 

As early as 1922 this Association heard it 
recommended that sections be extended and 
that maintenance work be handled by special 
gangs. The gang idea grew rapidly as the 
economies were recognized and as equipment 
was perfected, until now most railroads em- 
ploy fully mechanized gangs to lay rail and 
to reballast. 


during 


Only a little less common are 
similar gangs used to resurface on old ballast, 
to tighten bolts, to renew angle bars, and to 
spot and line track out-of-face. Several roads 
replace all ties with special @anes, and mech- 
anieal aids for this 
being developed. 


class of work are now 

Consolidation of sections began on a large 
scale about 1930, and has continued intermit- 
tently up to the present time. We now find, 
on a representative mileage of well maintain- 
ed, high speed railroad, that line sections 
average from 9 to 14 miles of heavy duty sin- 
gle track, or from 5 to 8 route miles of heavy 


duty double track. No general increase in the 
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average number of laborers employed per sec- 
tion is apparent since 1930. : 

Handling the heavy maintenance tasks with 
special gangs has relieved the section force 
of practically all of the out-of-face work that 
was formerly its province, thus enabling it to 
spend as much as 90 per cent of its time 
smoothing and lining track, This organization 
is perfectly suited to high speed operation, 
with itsever-present demands that small track 
irrecularities be corrected promptly and be- 
fore they become extensive. 

Every phase of maintenance work must 
have careful, intensive supervision. To aid in 
overcoming the handicap of extended road- 
master’s districts, a number of roads use the 
track patrolman or track supervisor plan, as 
described by the Committee on Organization 
here in 1935, which relieves the section fore- 
man of all track patrol except in case of 
storm. 


Frequent inspection necessary. 


In spite of stronger track construction, it 
is generally believed that present day speeds 
call for frequent track and switch inspection. 
This is accomplished efficiently by the Track 
Supervisor, who makes a round trip over his 
territory of 50 to 75 miles three times per 
week on a light inspection motor car. His ob- 
servations, coupled with advice from the road- 
master, insure that the spots most needing 
attention will be corrected expeditiously, and 
that only the necessary work will be done at 
each location. Roads using this system report 
improved riding conditions, with a better qua- 
lity and output of work, and feel that the 
plan is economically sound, 

With only a definite number of maintenan- 
ce dollars available, it is inevitable that cer- 
tain niceties of appearance will be given some- 
what Jess attention. Hand shaping of ballast 
section, hand control of vegetation, hand 
ditching and bank-widening have largely dis- 
appeared, and this work is now virtually all 
done thus conserved 
has gone into the maintenance of line and sur- 
face. 


mechanically. Labor 


Maintenance problems are not confined alo- 
ne to high speed territory. On secondary lines, 
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passenger speeds have increased from 40 or 
45 miles per hour to 60 miles per hour and 
more, with freight trains keeping pace. In- 
stead of light-weight trains and modern loco- 
motives, the older motive power has been 
speeded up, and the effects on track are too 
well known to warrant repeating here. 

Little rail has been relaid on such lines 
since 1930, and ballasting has been greatly 
curtailed. Welding and joint bar renewals, 
ditching, bank-widening, and kindred improve- 
ments, have been deferred from year to year. 
The tendency to restrict tie insertions was evi- 
dent for a few seasons, but it was found that 
poor ties were responsible for so much wasted 
labor and improperly riding track, that such 
conditions have generally been corrected. 

No definite improvement programs are not- 
ed in connection with the quickened schedules, 
except where a moderate expenditure to line 
and surface a few grossly underelevated cur- 
ves would permit a decided increase in speed. 
String lining is in favor, for here also, lining 
by eye alone is not entirely satisfactory for 
present day speeds. 

Sections have been lengthened to an avera- 
ge of between 10 and 18 miles of single track 
and up to 12 route miles of double track, with 
central location of headquarters an important 
consideration. Tie renewal gangs are favored 
because of their mobility. With the long sec- 
tions and small force, almost no out-of-face 
smoothing is done, and it is impossible to get 
tangents lined except in the relatively short 
locations where track is being spotted. This 
results in line irregularities over long distan- 
ces, which are conducive to rough track, and 
special lining gangs show worthwhile econo- 
mies by correcting this source of increased 
maintenance. 


Supervision and inspection, 


Extended sections have also made the Track 
Supervisor plan more attractive in proportion 
to the time required for track inspection and 
care of dine switch lamps, that is thus saved 
the section gang. With the speeds above men- 
tioned, the frequency of track patrol thus ob- 
tained is considered desirable. Judicious su- 
pervision is more than ever necessary, to in- 
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sure that all available labor is expended whe- 
re it will accomplish the utmost in strenethen- 
ing the track and in improving riding condi- 
tions. 


Branch lines, 


On branch lines the speed trend is someti- 
mes reversed. - Wherever possible, train sche- 
dules have been lengthened to relieve track 
punishment, and frequently are governed 
wholly by the ability to get over a subdivision 
within the basic day. The lightest available 
motive power, appropriate to the require- 
ments, is being used, although the obsolescen- 
ce of small engines and the stepping back of 
heavy power render this impracticable on 

railroads. Diesel units and auto-rail 
cars are receiving consideration, where the 
tour of duty can be made extensive enough to 
justify the investment. Such measures deser- 
ve the most careful study because of their ef- 
fect on reducing maintenance. 


many 


Improvements in track structure are confin- 
ed to the demands of safety. Section lengths 
haye increased all out of proportion to the 
decline in traffic and now average 20 to 30 
miles, with a few reported 40 miles long, Sta- 
bility of suberade and weight of rail are the 
two features most likely to determine the pos- 
sible length. Section headquarters are centrally 
situated and the daily working location is co- 
ordinated with the requirements for inspec- 
tion, which may be on the basis of three ti- 
mes, twice, or even only once per week. On a 
few lines this inspection is handled by an as- 
sistant foreman or leading laborer with a 
small motor ear, who also makes sundry light 
repairs. 

Some tendency is noted toward modified 
out-of-face maintenance. Ties are allowed to 
go a little longer and are then renewed by a 
special gang, which also spots and lines the 
track with the expectation that it will not be 
touched until the second season. The track 
may become somewhat rough, but not serious- 
ly so if tie conditions are reasonably good, 
and a little picking up by the section force 
will usually keep the line in shape for the 
speed and traffic carried. Heavy rail laid and 
rail anchors placed prior to 1930, and the 
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almost universal application of tie plates 
during the last decade, are items which have 
reduced the branch line maintenance burden. 


Conclusions, 


Owing to the wide variety of local condi- 
tions, conclusions applicable to all railroads 
cannot be drawn. Certain generalities, may 


however, be permitted 


— Much can be done to relieve track abuse 
by proper scheduling aud the observance of 
speed limits. Track irregularities are exagger- 
ated by high speed, and smooth riding at 
these high speeds can only be obtained by 
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greater refinements in maintaining the line 
and surface. 

Special gangs for the heavier tasks and sec- 
tion gangs for the prompt correction of rough 
spots and for general policing, form an organ- 
ization well suited to present requirements. 

High speed has not called for any radical 
departure from established maintenance prac- 
tices, but has merely intensified certain long- 
standing problems. Much has been learned in 
the last three years, and today’s traffic is 
continually providing the stimulus for further 
development in every phase of track work, so 
that if the future should demand still more 
speed, maintenance men will be ready with the 
solution, 


. — Fluorescent lighting for cars on the New York Central Railroad. 


(Railway Age.) 


Fluorescent lighting units, a newly develop- 
ed product in the lighting field, have been ap- 
plied experimentally to coach lighting by the 
New York Central Railroad. An installation 
has been made in a standard coach, the only 
change made to the car being the new light- 
ing system. The power supply system re- 
mains a 2-kw, generator with 300 amp.-hr., 
16-cell, lead storage battery. 

This experimental installation was made to 
determine the ability of these lamps to with- 
stand conditions of railway coach lighting ser- 
vice, the suitability of the inverting equip- 
ment required to produce the necessary altern- 
ating current power, and to determine the 
possibility of operating this equipment from 
the standard generator and battery used in 
coach lighting service. 

The outstanding feature of the installation 
is the securing of approximately four times 
the illumination with only a small inerease in 
the wattage input to the system. This result 
has been made possible chiefly by the charac- 
terstics of these fluorescent lamps. One of 
these lamps with a 16.5-watt overall input 
delivers considerably more light than the 25- 
watt incandescent lamps which they replace. 


The 25-watt lamps were spaced one over every 
other seat whereas the low wattage required 
by these new lamps permitted the spacing to 
be halved and a lamp located over every seat. 
Some increase in illumination is also secured 
because of the use of metal reflectors over 
the new lamps instead of glass which reduces 
the amount of light transmitted upward to 
the ceiling. 

The lamps are tubular in form and contain 
mercury vapor. An electric are through this 
vapor develops ultraviolet light but produces 
very little visible light. By coating the in- 
side of the tube with certain materials, it is 
possible to change the wave length of the light 
from the invisible to the visible portion of 
the spectrum, this phenomenon being known 
as fluorescence. Lamps producing light of dif- 
ferent colors at varying efficiences can be se- 
cured by selecting various coatings. The lamps 
used in this test installation produce a white 
light at an efficiency of 30 lumens per watt. 
An efficiency as high as 60 lumens per watt 
is possible when a fluorescent material giving 
a green light is used, but light of this color 
might not be acceptable for general lighting 
purposes, 
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General lighting in the car is supplied by 
forty 15-watt tubular (white) fluorescent 
lamps, mounted in continuous fixtures along 
the deck sill moldings with the lamps about 
7 ft. 6 in. above the floor, one over each seat. 
The seats are spaced on 36-in. centers. The 
lamps are 18-in. long by 1 1/2 in. in dia- 
meter. The fixtures have a semi-cylindric- 
al Alzak reflector at the top and plastic lou- 
vers at the bottom which prevent seeing the 
The 
power consumption of the lamp proper is 15 
watts. An additional 1 1/2 watts is consumed 
in a ballast reactor, which is required to sta- 
bilize the operation of the lamp. These reac- 
tors are mounted in closed sections of the fix- 
tures between the lamps. 


bare lamps when looking down the ear. 


In addition to the fluorescent lamps, there 
is one 25-watt, 32 volt incandescent lamp 
over each of the two end seats, one in each 
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toilet and two in each vestibule. Thus the 
power consumption for lights is 660 watts for 
the fluorescent units and 200 watts for the 
incandescents, making a total of 860 watts. 
When the car is running the average illum- 
ination is 10.1 foot-candles on the reading 
plane at the window seats, and 11.7 on the 
aisle seats, with a general average of 10.9. 
The lamps in the vestibules are mounted in 
twin condenser lens fixtures, which provide 
an intensity of 4.3 foot-candles on the plat- 
form at the center of the vestibule, 2.2 at the 
edee of the top step, 1.6 at the edge of the 
other steps and the light extends well out 
from the car when the vestibule side doors are 
open. 


The fluorescent Jamps require alternating 
current for their operation and this is obtain- 
ed by substituting a rotary inverter (motor- 
driven commutator) for the customary lamp 


410 


regulator. The inverter takes 32-volt direct- 
current power from the battery and generator 
and delivers 60-cyele, 115-volt energy to the 
lamps. The alternating-current voltage is pro- 
portional to the direct-current voltage and the 
latter varies from battery voltage at standing 
to generator voltage when the car is running. 
This does not make a noticeable difference in 
light intensity, since the light output of the 
fluorescent lamps varies only in the ratio of 
0.8 : 1 as contrasted with the 3 1 ratio 
characteristic of incandescent lamps. The 
maximum yoltage on the fluorescent lamps is 
about 130, 

The lamps regulator commonly used in a 
passenger car is required to protect the lamps 
from over voltage while the generator is runn- 
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ing and battery charging. The efficiency of 
the inverter is about 75 per cent, a figure 
which corresponds closely to the efficiency of 
a lamp regulator. Protection for the incan- 
descent lamps in the car is secured by a fixed 
resistance which is inserted in the incandes- 
cent lamp circuit automatically when the ge- 
nerator begins to charge the battery. The 
fluorescent lamps are controlled by cireuit 
breakers and are connected in two circuits so 
that either all or alternate lights may be 
used. 

The installation was developed by the 
Hquipment Engineering Department of the 
New York Central Railroad in conjunction 
with the General Electric Company and with 
the co-operation of the fixture manufacturers, 
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SACHS (Dr. techn. Karl). — Die ortsfesten Anlagen elektrischer Bahnen (The Fixed 
Equipment of Electric Railways). — One volume, quarto (8 x 11 inches), of 321 pages, 
with 430 figures in the text and 8 inset plates. — 1938, Orell Fiissli, publishers, Zurich and 


Leipzig. (Price : 48 Swiss francs or 29 RM.) 


This work, the author of which is en- 
gineer to the Brown Boveri Company 
and a professor at the Higher Technical 
Federal School at Zurich, deals with the 
fixed equipment of electric railways 
and forms a complementary volume to 
the important treatise on main line elec- 
tric locomotives (*) published by the 
author in 1928, so completing the task 
he had set himself, that of treating the 
whole range of questions involved in the 
field of electric traction in a manner 
equally suited both to the student and 
the practical man. 

In a short introduction the Author 
first of all investigates the effect on the 
fixed equipment of the kind of current 
adopted. Dealing with the equipment 
itself, he discusses in succession the 
source of supply, the power houses, high 
tension feeders, sub-stations and the 
contact systems. 

The book thus consists essentially of 
four chapters, the first three of which 
did not stand in need of such full de- 
velopment as the fourth, as they are 
concerned with equipment not differing 
fundamentally from that employed for 
the production, transmission and distri- 
bution of electricity for purposes other 
than traction. All that was needed, there- 
fore, was to bring out the particular 
features or typical installations associat- 
ed with the working of electric rail- 
ways. 

Chapter I deals with power stations, 


(1) « Elektrische Vollbahnlokomotiven » — 
(Electric Main Line Locomotives), — Julius 
Springer, publisher, Berlin, 1928. 
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discussing the question of their capacity 
in relation to the running resistance of 
the trains and the traffic to be handled. 
The principles involved in establishing 
steam and hydro-electric power stations 


are then discussed, with single and 
three-phase generators, and_ transfor- 
mers. 

The second chapter describes the 


erection of high-tension feeder lines and 
has three sections dealing with 50 to 
66 kV., 80 to 110 kV., and above 110 kV. 
lines. 

Substations are dealt with in Chapter 
III, the author discussing the importan- 
ce of sub-stations and their location to 
meet a given density of traffic and a 
certain permissible voltage drop. The 
sub-stations for various kinds of current 
are then dealt with, first for direct cur- 
rent, viz those with motor-generator 
sets, rotary converters and mercury-arc 
rectifiers; then for single-phase current, 
sub-divided into sub-stations receiving 
their supply as single-phase, and those 
receiving it as three-phase current; fi- 
nally sub-stations for three-phase trac- 
tion are described. 

The most important part of the book 
deals with the design and installation of 
contact systems. It opens with a discus- 
sion of the subject from an electrical 
point of view, the calculations for vol- 
tage drop, both for direct and alternat- 
ing current; mechanical considerations 
are next dealt with, with calculations 
and constructional details, first of all for 
overhead wire equipment and then for 
the third-rail system. 
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The work concludes with notes on the 
signalling of electric railways, fixed 
equipment for train pre-heating and 
lighting in the special case of single- 
phase traction at a frequency of 16-2/3 
cycles. 

The book has been very carefully edit- 
ed; all questions are treated in the most 
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methodical manner, while numerous 
diagrams and figures spread throughout 
the text assist the reader to understand 
it. Altogether it forms an excellent text 
and reference book which cannot fail 
to be welcomed favourably by all those 
concerned with that important present- 
day question, electric traction. 


BAILEY (L. G.), M. I. L. E., Works Manager, Khargpur. — Description of the method of 
locomotive repair as carried out in the Khargpur Workshops of the Bengal Nagpur 
Railway. — A booklet (10 x 6 1/4 inches) of 21 pages, with 10 photographs and $ tables 


appended. — 1938, Calcutta. 


Press. Copies obtainable from the Manager of publications, Delhi. 
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Mr. BaiLteEy, Works Manager at Kharg- 
pur, Bengal Nagpur Railway, describes 
in this booklet the new organisation set 
up for repairing steam locomotives on 
the belt system, introduced in the work- 
shops about 1928. 

The erecting shop, built in 1904, con- 
tained originally three tracks with pits, 
arranged longitudinally. Each could 
take 21 locomotives for heavy overhauls. 
At present the principal belt occupies no 
more than the centre track, able to ac- 
commodate 20 locomotives. This belt 
comprises, inside the shop, 13. stages, 
12 of one day each, and an 8-day stage, 
the latter being allocated to important 
repairs to frames and cylinders; 22 
working days are taken for a complete 
overhaul, the last two being devoted to 
tests and final adjustments. 

The two lateral tracks have only been 
retained for a short length; one serves 
for special repairs, the other contains 
equipment for adjusting valve gears, an 
operation which is intercalated in the 
eleventh stage of the belt. 


Printed for the Railway Board at the East Indian Railway 


(Price: As. 12, or 


Repairs to valve chests, pistons, rods, 
motion and brake gear are effected in 
subsidiady belts arranged laterally to the 
main one. The description includes dia- 
grams giving a very clear idea of the 
arrangement of the principal belt and 
the different subsidiary ones, with indi- 
cations of the stages, the location of the 
machine tools, fitters’ benches, and the 
arrangements for effecting the progres- 
sive movement of the parts under repair. 

The Khargpur works have thus been 
re-organised according to the most up- 
to-date principles and the results obtain- 
ed have been such as are normally 
achieved with the belt system, namely, 
an important reduction in the number 
of hands necessary, a considerable re- 
duction in repair time, brought down 
from 63 working days before 1928 to 22, 
and a better use of shop space. The 
author quotes a characteristic figure 
concerning the number of locomotives 
held out of service in the workshops, 
which was 128 before 1928, and is now 
only 28, representing an appreciable im- 
provement in locomotive utilisation. 


